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ilJVIONCr  the  e^liest  iudicatious  of  a  mind  bubti 
ceptible  of  attaioing  general  knowledge,  appears  that: 
which  consists  in  the  delight  afforded  by  mecbaniciail: 
performances.  With  this  disposition,  opportunitieilr 
of  acquiring  the  means  of  imitative  execution,  and  of> 
perceiving  the  advsmtages  derivable  from  the  possesr. 
sipn,  of  scientific  prh^ciples,  eminently  tend  to  establi^ 
that  activity  of  mind,  and  that  predilection  for  thte 
acquisition  of  useful  knowledge,  which  beneficially 
inflnence  the  character  through  life,  and  present  un 
failing  sources  of.  ^njpyn^nt  for  the  hour  of  solitude> 
and  leisure.      .    ,  .   .  »  ,>: 


If  those  who  are  ing^niotta  and  skilful  in  the  pei^ 
ception  of  scientific  trqth,  were  practically  conversant 
with  thit;  manufacture  of  ev^ry  iastrumep^  they  usQi> 
the  progression  of  the  sciejiM^es  would;  be  materially 
accelerated.  The  theorist,  however  ei^eellent  and 
o^gin^l  hi^  yiewS|  ineyitably  suffers  many  of  his  plans, 
to  perish,  when  mechanical  dexterity  is  requisite  to 
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verify  them,  because  he  cannot  contend  with  the 
expense  or  the  difficulty  of  having  them  executed  by 
others,  or  has  no  adequate  knowledge  of  the  degree 
in  which  they  may  be  realized.  The  science  of 
chemistry,  in  the  course  of  a  few  years,  has  risen  to 
a  pre-eminent  statipa  of  ^til)ity  an(^  splendour ;  and 
among  the  leadtft]^  (jthrijes  6f  hd  advancement,  it  is 
observable,  that  the  mechanics  who  have  performed 
the  operations  of  the  laboratory,  and  contrived  and 
executed  the  novel  part  of  the  apparatus,  were  the 
very  individuals,  who,  as  men  of  science,  were  ac 
tuated  by  expanded  views  and  the  zeal  of  research. 
Dr.  Herschel's  observations  and  discoveries  are  the 
mro^  vatltiable  which  a  ^iiifilgl^  jiidtvidtkl  has  6Vtt 
ntetde  in  the  dcfptfirtitfeftts  df  a^tfoftdmyy  itocftfiribg  (he 
aftd  of  instf uineiits }  and  W6  find  uj)6*  teVei*tigfrtl6n, 
thait  the  telQscop6?d  eonst*tic*ed  Vf  Kimself  e^tcel  all 
others :  evert  his  telesetpo  of  forty  fe^tj  which  is  toe 
of  the  mast  splendid  ti^^lrie*  6f  Afwdhfltmtal  skill 
existing,  was  wholly  ^xectit^  tfttdei^  hSi  own  dirt^- 
tion,  by  comimoii  attisans  of  Iftbourtifs. 

In  adverting  to  thesd  considemtkrti*,  the  EdJtof 
concluded  td  allot  the  first  {)Ottioil  of  these  tolutt^s, 
to  the  most  general  and  radically  important  opera* 
tions  in  working  wood  and  metal.  Architecture  and 
Building  follow,  after  which,  to  thfe  page  which  ter- 
minates the  essay  on  Galkletiingi  th6  feeieflces  and  their 
correlative  art^  Ate  thk^  «p  4c66rdirigf  t&  the  otA^ 
of'  stkHJession  ih  which  they  toay  be  eonf ehiebtiy 
sltudied.  By  thfe'  af rtmgfeinent/  Drawing  tecf  it* 
depends td  iaH  stafJoned  near  the^  cohcltisioh  df  th*' 
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comprisi«g  subjects  adapted  rather  fo9  flefetfenraitiiaBi 
regular  perusal. 

s(«ktf«^s  htfVe  b^efl^  itt^oflttot^  whea  Ih^y  d|)p«ar«4 
ctil^klt^^ td imt^eiV lihe  g^erai  teaddr^ ' toJRouIc^ta 
tf^ftii' ii^tk)  M  (4^^6Hita«eldier8p|nrQi»ffl^ 

-   ■•'    •       /•      ■}  i    •  '■]    ..:  -'  :■     ■-.:    .'   :  ••  /  .'      f  •    -f    \'ix>-.'\:  -q 
or  i)ttf&}««t«'  V^  this :!t>«ibI)catI(Hi9 

where  minuteness  of  investigattiM'  dDttld  not  be  Iba^ 
tered  upon,  an  attempt  has  been  made  to  delineate 
the  most  important  features  :  of  those  which  had  yet 
received  no  popular  illustration,  the  Editor  has  been 
especially  solicitous  to  seek  new  information;  and  in 
aid  of  this  object,  he  has  been  favoured  by  a  friend 
with  the  communication  of  an  entire  essay.  He 
alludes  to  the  treatise  on  Architecture,  which  is  the 
production  of  Thomas  Rickman,  of  Liverpool,  whose 
system  of  English  architMHiure  he  cannot  doubt  will 
be  acceptable  to  those  who  are  interested  in  the  sub- 
ject, or  who  have  pleasure  in  contemplating  the  mo- 
numents of  vernacular  skill. 

The  Editor  has  occasionally  availed  himself  of  the 
language  of  the  ablest  writers,  where  it  appeared  most 
conducive  to  his  purpose.  Of  entire  extracts,  he  has 
had  the  pleasure  of  specifying  the  source ;  of  those 
which  have  been  assimilated  to  his  views  by  altera- 
tions, or  taken  in  a  detached  and  limited  manner; 
where  the  information  was  of  general  notoriety,  or  its 


ongm-ttncerCalo^  mhnQmledgtaent  became  superflopuf 
or  impracticable*)!  .        :  !       ■ ';.;  -^^ 

''  "■''  '    .  •        '■■ 
Convinced  that  no  permanent  advantages  accrue 

frbmi  attempts*  jtb'deptecate  censure,  or  to  angl0for 
jf^raise,  the  Eftitor!  hivayfe^  all  digression  from  the  ge- 
neral exposition) of  lis  plan;  but  aware  that  apub* 
Ucatioii  coboprisingi  (Soi&rge  a  variety  of  subjects,  can-r 
not  be  free  from  imperfectioha,  he  terminates  these 
preftitory  remarks,  with  assuming  the  liberty  to  ob- 
serve^ ihtt  the  commui^atioa  of  hints  for  emendations 
will  rdceive  his  thanks.    1 :  > 
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MECHANICAL  EXERCISES      ^ 

Of  Iron. 

f^|F  all  metallic  substances,  iron  is  th^  most  abundantly  difr 
fused,  and  the  most  inuinsically  valuable.  It  may  be  detected 
in  plants,  and  in  auinial  Huids  ;*  it  is  the  chief  cause  of  coltMMr 
in  earths  and  stones ;  sands,  clays,  the  waters  of  rivers,  sprtnga, 
rain,  and  snow,  aie  seldom  perfectly  free  from  it;  and  in  several 

(arts  of  the  world,  whole  mouDtaias  are  composed  of  iron  <ML 
f  the  use  of  this  metal  were  lost  to  mankind,  the  arts  and 
sciences  would  dwindle  into  iasignificanee,  and  civilizatioa  iU 
self  become  rapidly  retrogressive*  An  inquiry,  therefoK,  into 
the  properties  and  means  which  render  it  subservient  to  such 
important  purposes,  will  not^  it  is  presumed,  prove  unintereat* 
ing  to  the  general  reader^  while  the  prudent  artisan,  whose  first 
care  is  generally  to  provide  himselr  with  tools  adapted  to  hi^ 
labours,  will  attentively  jreview  every  hint  which  may  improve 
his  knowledjge  of  that  material,  the  proper  choice  and  manage-^ 
ment  of  which  constitute  the  first  step  towards  success  in 
mechanical  pursuits^ 

Iron  is  employed  in  three  states,  viz.  that  oicast  iron,  wrought 
iron,  and  $teeJ.  Cast  iron  is  the  metal  in  its  first  state,  rendered 
fusible  by  its  combination  with  those  two  substances  whicfe 
chemists  distinguish  by  the  ttames  of  carbon  and  oxygen.  In 
the  great  iron  works,  the  ore,  broken  into  small  pieces,  andmixed 
with  a  portion  of  limestone  to  promote  its  fusion,  is  thrown  into 
the  furnaces,  which  are  from  sixteen  to  thirty  feethigh.  Baskets 
of  charcoal  or  coke,  in  due  proportion,  are  thrown  in  along  with 
it.  A  part  of  the  bottom  or  the  furnace  is  filled  with  fuel  only. 
This  being  kindled^  the  whole  is  raised  by  the  blast  of  th^ 
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^  MetalHc  iprains  of  iron  have  been  found  in  strawbemes ;  and  one- 
twelfth  part  of  the  weight  of  dried  oak  wood  is  said  to  consist  of  ihia 
uie4ai. — ^The  blood  o^mtaina  much  iron,  to  wliich  it  owjes  its  red  ooloin- 

1.— Vol.  I.  B 
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MannAteture  of  oast  ud  wrouglit  iron. 


great  bellows,- to  a-  most  intense  heat.  The  metal,  as  it  is  re- 
auced,  sinks  down  through  the  fuel,  and  collects  at  the  bot- 
tom of  the  furnace.  More  ore  and  fuel  are  supplied  above, 
and  the  operation  goes  on  till  the  melted  metal,  increasing  in 
quantity,  rises  almost  to  the  aperture  of  the  blast ;  a  passage 
is  then  made  for  it  at  the  side  of  the  famaQe,.and  it  is  run  into 
what  are  called  pigs  of  cast  iron.  A  furnace  will  furnish  daily 
from  two  to  five  tons  of  iron,  according  to  the  richness  of  the 
ore,  and  the  skill  with  which  the-  operation  is  conducted 
Ores  of  iron  combined  with  magnesia,  are  very  refractory,  and, 
as  well  as  those  which  contain  sulphur  and  arsenic,  require  to 
be  roasted  before  they  are  cast  into  the  smelting  furnace. 

Pig  iron  is  of  very  different  qualities ;  that  which  is  called 
No.  1,  and  the  fracture  of  which  is  of  a  dark  colour,  runs  so 
fluid  as  to  be  admirably  suited  for  grates,  and  ornamental 
work.  Cast-iron  cutlery  is  manufactured  from  it,  as  no  other 
would  run  fine  enough  for  the  purposes  to  which  it  is  applied, 
such  as  forks  and  small  scissars,  fish  hooks  and  needles. 
These  articles  obtain  by  annealing  a  considerable  degree  of 
malleability,  and  are  even  rendered  capable  of  being  welded. 
When  great  strength  is  required,  as  for  large  wheels,  beams, 
pillars,  or  railways,  the  iron  which  contains  a  smaller  propor- 
tion of  carbon  is  preferable,  as  that  called  No.  2.  The  propor- 
tion of  carbon  in  cast  iron  varies  in  the  different  sorts,  from 
one-fifteenth  to  one-twenty-fifth.  Cast  iron  also  frequently 
contains  a  portion  of  the  phosphuret  of  iron,  in  which  case  it 
breaks  of  a  white  colour,  and  must,  from  its  excessive  hardness, 
be  rejected  for  purposes  which  require  it  to  be  filed,  or  turned, 
or  cut  with  the  chisel.  It  may  be  observed,  that  the  whiter 
the  metal  is,  the  harder  it  is  also;  whether  these  properties  are 
owing  to  its  quality,  or  the  mode  of  its  management.  Cast 
iron  expands  in  passing  from  the  fluid  to  the  solid  state ;  it 
consequently  assumes  the  exact  figure  of  the  mould  into  which 
it  is  poured,  a  circumstance  whicn  adds  greatly  to  its  value 
for  casting. 

Crude  or  cast  iron  is  converted  into  wrought  iron,  by  keep- 
ing it  in  a  state  of  fusion  for  a  considerable  time,  and  repeat- 
edly stirring  it  in  the  furnace ;  the  oxygen  and  carbon  which 
it  contains,  unite,  and  fly  off  in  the  state  of  carbonic  acid  gas, 
and  as  this  takes  place  the  iron  becomes  more  infusible ;  it 
g^ts  thick  or  stiff  in  the  furnace ;  and  the  workmen  know,  by 
this  appearance,  that  it  is  time  to  submit  it  to  the  repeated 
iction  of  the  hammer,  or  the  regular  pressure  of  large  steel 
rollers,  by  which  the  parts  which  still  partake  of  the  nature  of 
crude  iron  so  much  as  to  retain  the  fluid  state,  are  forced  out, 
and  the  metal  is  rendered  malleable,  ductile,  more  closely  com- 
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QuHlhicH  or  wrouglrt  iron.— MMilaotiirt  of  blistered  steel. 

I»uctecl,  ofa  fibrous  texture^  and  totally  infusible.  In  this  state 
It  is  known  in  conimer(;e  by  tlie  name  of  bar  iron.  The  loss 
<if  weight  sustained  by  iron,  in  the  process  of  refining,  is 
<  <iii!iideruble,  gt:nerally  amounting  to  one^fourth,  and  some* 
antes  to  one-half 

Forged »  like  ca^t  iron,  varies  greatly  in  quality.  Tints, 
some  of  it  is  tou^  and  malleable  both  when  it  is  hot  and 
when  it  is  cold.  This  is  the  iron  in  common  use,  and  it  is 
the  best  and  most  useful.  It  maybe  known  generally  by  the- 
cquable  surface  of  the  forged  bar,  which  is  free  from  trans- 
verse fissures,  or  cracks  in  the  edges ;  and  by  a  clear,  white, 
Jinall  grained,  or  rather  fibrous  texture.  Tlie  best  and  tough- 
est iron  is  that  which  has  the  most  fibrous  texture,  and  is  of 
a  clear  grayish  colour.  This  fibrous  appearance  is  given  by 
the  resistance  which  its  particles  make  to  separation.  The 
%exture  of  the  next  best  iron,  which  is  also  malleable  in  alt 
temperatures,  consists  of  clear  whitish  small  grains,  intermix- 
ed with  fibres.  Another  kind  is  tou^^h  when  it  is  heated,  but 
brittle  when  cold.  This  is  called  cold-short  iron,  and  is  dis- 
tinguished by  a  texture  consisting  of  Lrgc  shining  plates, 
without  any  fibres.  It  is  less  liable  to  rust  than  any  other 
description  of  forged  iron.  A  fourth  kind  of  iron,  called  red- 
short,  or  hot-short,  is  extremely  brittle  when  hot,  and  malle* 
4ible  when  cold.  On  the  surfuce  and  edges  of  the  bars  of' 
this  kind  of  iron,  tninsverse  cracks  or  fissures  may  be  seen, 
and  its  internal  colour  is  dull  and  dark. 

The  quality  of  iron  may  be  much  improved  by  violent  com- 

(>ression,  as  oy  forc^ing  and  rolling,  especially  when  it  is  not 
ong  exposed  to  violent  heat,  which  injures  and  at  length 
•  destroys  its  metallic  properties.    But  though  iron  is  rendered 
malleable  by  hammerinij:,  this  operation  may  be  continued  so 
long,  as  to  deprive  it  ot  its  malleability. 

Steel  is  made  of  the  purest  malleable  iron,  by  a  process 
called  cementation.  In  this  operation,  layers  of  bars  ormalle- 
able  iron,  and  layers  of  charcoal,  are  placed  one  upon  another, 
in  a  proper  furnace,  the  air  is  excluded,  the  fire  raised  to  a 
considerable  degree  of  intensity,  and  kept  up  for  eight  or  ten 
days.  *  If  upon  tlie  trial  of  a  bar,  the  whole  substance  is  con- 
verted into  steel,  the  fire  is  extin<;uished,  and  the  whole  is 
left  to  cool  for  six  or  eight  days  longer.  Iwn  thus  prepared . 
is  called  blistered  steel,  from  the  blisters  which  appear  on  its 
surface*  In  England,  charcoal  alone  is  used  for  this  purpose; 
i)ut  Duhamel  fouud  an  advantage  in  using  from  one-fourth  to 
one-third  of  wood  ashes,  espeeialiy  when  the  iron  was  not  of 
»!«>  good  a  quality  as  to  a  fiord  steel  po>sessing  tenacity  ot 
hodv  as  well  as  hnnhiess.     Tli»»se  a'^lies    iHWent   the  stefi 
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making  process  from  being  effected  so  rapidly  as  it  would 
otherwise  be,  and  give  the  steel  pliability  without  diminishing 
its  hardness.  The  blisters  on  toe  sur&ce  of  the  steel,  under 
this  management,  are  smaller  and  more  nun^rous.  He  also 
found  that  if  the  bars,  when  they  are  put  into  the  furnace,  be 
sprinkled  with  sea  salt,  this  ingredient  contributes  to  give 
body  to  the  steel.  If  the  cementation  be  continued  too  long, 
the  steel  becomes  porous,  brittle,  of  a  darker  fracture,  more 
fusible,  and  inca{)able  of  bein&r  welded.  On  the  contrary* 
steel  cemented  with  earthy  infusible  powders,  is  ^^radually 
reduced  to  the  state  of  forced  iron  again.  Excessive  or  re* 
peated  heating  in  the  furge  is  attended  with  the  same  effect. 

The  properties  of  iron  are  remarkably  changed  by  cementa- 
ti.on,  and  it  acquires  a  small  addition  to  its  weight,  which  con- 
sists of  the  carbon  it  has  absorbed  from  the  charcoal,  and 
amounts  to  about  the  hundred  and  fiftieth  or  two  hundredth 
part.  It  is  much  more  brittle  and  fusible  than  before ;  though 
U  may  still  be  welded  like  bar  iron,  if  it  has  not  been  fused, 
or  over  cemented ;  but  by  far  the  mosl  important  alteratioo 
in  its  properties,  is,  that  it  can  be  hardened  or  softened  at 
pleasure.  If  it  be  made  red  hot,  and  instantly  cooled,  it  at- 
tains a  degree  of  hardness,  which  is  sufficient  to  cut  almost 
every  other  substance;  but  if  heated  and  cooled  gradually,  it 
becomes  nearly  as  soft  as  pure  iron,  and  may  witn  much  the 
samf!  fucilitv  be  manufactured  into  any  determinate  form.  A 
rod  of  ^ood  steel,  in  its  hardest  state,  possesses  so  little  te* 
nacity  tnat  it  may  be  broken  almost  as  easily  as  a  rod  of  glai^ 
of  the  same  dimensions.  This  brittleness  can  only  be  aimi- 
niched  by  diminishing  its  hardness,  and  in  the  proper  manage- 
ment of  this  point,  for  different  purposes,  consists  the  art  of 
tempering.  The  colours  which  successively  appear  on  the 
surf\\ce  of  steel  slowly  heated,  are,  yellowish  white,  yellow  or 
straw  colour,  gold  colour,  brown,  purple,  violet,  and  deep  blue. 
These  signs  direct  the  artist  in  reducing  the  hardness  of  steel 
to  any  particular  standard.  If  steel  be  too  hard,  it  will  not 
b<B  proper  for  tools  which  are  intended  to  have  a  fine  edge« 
because  it  will  be  so  brittle,  that  the  edge  will  soon  beoomt 
notched;  if,  on  the  contrary,  it  be  too  soft,  it  is  evidenf  that 
the  edge  will  turn  or  bend.  Some  artists  inclose  the  toob  to 
b0  hardened^  in  an  iron  case  or  box,  and  slowly  heat  them  to 
i^iUon ;  they  then  take  the  case  out  of  the  fire,  and  drop  the 
pierces  into  water,  in  such  a  manner  as  will  allow  them  to  come 
as  little  as  possible  into  contact  with  the  air.  This  method 
answers  two  good  purposes ;  it  causes  the  heat  to  be  more 
e<|ually  applied,  and  prevents  the  scaling  occasioned  by  the 
eoi^tACt  of  the  air.    When  the  work  has  been  nolished*  tnd 
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weM  defendeil  from  the  air»  it  is,  when  hardened,  nearly* 
clean  as  before.  If  the  tool  be  unpolished,  they  brignten 
Its  surface  upon  a  stone ;  it  is  then  laid  upon  burning  char- 
coal, tMr  upon  the  sui'face  of  melted  lead,  or  upon  an  ignited  b«r 
or  plate  of  iron,  till  it  acquires  the^desired  colour;  at  which 
instant  tiiiey  plunge  it  into  cold  water.  The  yellowish  white 
indicates  u  temper  so  little  reduced  as  to  be  used  for  few  edge 
tools;  the  yellow  or  straw  colour,  the  gold  colour,  and  the 
brown,  are  u^ed  for  penknives,  razoi-s,  and  gravers ;  the  pur- 
ple for  tools  used  in  working  upon  metals,  especially  iron;  the 
violet  for  springs,  and  for  instruments  used  in  cutting  soft  sob- 
stances,  such  as  cork,  leather  and  the  like ;  but  if  the  last  blue 
be  waited  for,  the  hardness  of  the  steel  will  scarcely  exceed 
that  of  iron.  Wheti  soft  steel  is  heated  to  any  one  of  these  co- 
lours, and  then  plunged  into  water,  it  does  not  acquire  nearly 
so  ^reat  a  degree  of  hardness,  as  if  previously  made  quite  hardU 
and  then  reduced  by  tempering.  The  degree  of  ignition  re- 
quired to  harden  steel  is  difierent  in  the  different  kinds.  The 
best  kinds  require  only  a  low  red  heat*  It  has  been  inee- 
niously  supposed,  that  the  hardness  of  steel  depends  on  nie 
intimate  combination  of  its  carbon;  and,  on  this  supposition, 
it  follows,  that  the  heat  which  effects  this  is  the  best,  and  that 
a  higher  degi*ee  will  be  injurious. 

Tue  texture  of  steel  is  rendered  more  uniform  by  fusion. 
When  it  has  undergone  this  operation,  it  is  called  cast  steel ; 
which  is  wrought  with  more  difficulty  than  common  steel,  be- 
cause it  is  more  fusible,  and  is  dispersed  under  the  hammer^ 
if  heated  to  a  white  heat.  The  cast  steel  of  England  is  made 
from  the  firagments  of  the  crude  steel  of  the  manufactories  and 
steel  works.  A  crucible,  about  ten  inches  high,  and  sevefn 
inches  in  diameter,  is  filled  with  these  fragments,  and  placed* 
in  a  wind  furnace,  like  that  of  Uie  founders,  but  smaller,  be- 
cause intended  to  contain  one  pot  only.*  It  is  likewise  fur- 
nished with  a  cover  and  chimney,  to  increase  the  draught  of 
air.  The  furnace  is  entirely  filled  with  coke,  and  fiveliours 
are  required  for  the  perfect  fusion  of  the  steel.  It  is  then  cast 
into  ingots,  and  afterwards  forged  in  the  same  manner  as  other 
steel,  but  with  less  heat  and  more  precaution,  as  it  is  mote 
liable  to  break.  Cast  steel  is  about  thirty  per  cent,  dearer 
than  other  good  steel.  Its  uniformity  of  texture  is  for  many 
works  an  invaluable  advantage.  It  is  daily  more  and  mote 
used  in  this  country,  but  must  necessarily  be  excluded  from 
many  ivorks  of  considerable  size,  on  account  of  the  difficulty 
of  welding  it,  and  the  facility  with  which  it  is  degraded  in  the 
fire.  Cast  steel  takes  a  fine  firm  edge,  and  receiving  an  ex- 
quisite polish,  of^which  no  other  sort  of  steel  is,  in  so  high  a 
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degree,  susceptible,  it  is  made  use  of  for  all  the  finest  cutlery, 
but  though  it  may  be  cast  into  ingots,  it  is  too  imperfectly 
fluid  to  be  cast  into  small  wares.  The  tenacity  of  steel  ham- 
mered at  a  low  heat,  or  even  when  cold,  is  considerably  in- 
creased ;  but  the  effect  of  this  hammering  is  taken  off  by  strong 
ignition.  Tools,  therefore,  made  of  cast  steel,  and  intended 
to  sustain  a  good  edge,  for  cutting  iron  and  oUier  metals,  are 
not  afterwards  softened,  but  the  ignition  is  carefully  regulated 
at  first,  as  the  most  useful  hardness  is  produced  by  that  degree 
of  heat  which  is  just  sufficient  to  effect  the  purpose.  Cast 
steel,  annealed  to  a  straw  colour,  is  softened  nearly  as  much 
as  other  kinds  to  a  purple  or  blue. 

A  convenient  mode  of  tempering  a  great  number  of  articles 
'%i  once,  and  of  heating  them  uniformly,  however  irregular  their 
flhape,  is  to  put  them  into  a  proper  vessel  with  as  much  oil  or 
tallow  as  will  cover  them,  ana  then  to  place  them  over  the  fire, 
or  the  flame  of  a  lamp,  until  a  sufficient  heat  is  given.    Clo^k 
and  watch  pinions,  watch  verges,  &c.  are  tempered  in  this  man- 
ner, sometimes  many  dozens  at  once,  as  expeditiously  as  a  single 
article.    The  requisite  temper  may  be  known  by  the  following 
circumstances :  when  the  tallow  is  first  observed  to  smoke,  it 
r  indicates  the  same  temper,  as  that  called  a  straw  colour.   This 
will  reduce  the  hardness  but  little ;  but  if  the  heat  be  continued 
till  the  smoke  becomes  more  abundant,  and  of  a  darker  coloui, 
;it  will  be  eaual  to  a  brown,  and  indicates  a  temper  that  may  be 
wrought,  tnat  is,  turned  or  filed,  though  with  difficulty,  and 
only  when  a  mild  sort  of  steel  is  employed.     If  the  tallow  be 
heated  so  as  to  yield  a  black  smoke,  and  still  more  abundant, 
j  this  will  denote  a  purple  temper ;  and  if  the  steel  be  good,  it 
will  now  work  more  pleasantly,  though  «till  hard  enoush  to  wear 
well  in  machinery.    The  next  degree  of  heat  may  be  known  by 
the  tallow  taking  fire,  if  a  lighted  body  be  presented  to  it,  bilt 
yet  not  so  hot  as  to  continue  to  burn  when  the  light  is  with- 
drawn ;  and  this  will  denote  a  blue.    If  the  whole  of  the  tallow 
-be  allowed  to  burn  away,  or  burn  dry,  as  termed  by  the  workmen, 
it  imparts  the  temper  which  clockmakers  mostly  use  for  their 
work.     Further  tallow  is  useless ;  a  small  degree  of  heat  more 
would  just  be  seen  in  a  dark  place,  or  the  lowest  degree  of  red 
heat.    Any  single  article,  to  spare  the  trouble  of  brighteniDg  its 
.surface,  may  be  smeared  with  oil  or  tallow,  and  its  temper 
/.when  heated,  ascertained  in  a  similar  manner.    Small  articles, 
such  as  pendulum  and  other  springs,  need  not  be  dropped  into 
welter,  but  only  made  to  pass  through  the  air,  by  tossing  them 
opt,  and  letting  them  fall  to  the  ground,  which  will  make  them 
|iard  enough  for  most  purposes.    Small  drills  may  be  hardened 
.  by  holding  their  points  in  the  flame  of  a  candle,  and,  when  suf 
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ficiently  hot,  suddenly  plucking  them  out;  the  air  will  darden 
them;  or  they  may  be  laid  upon  a  plate  of  cold  iron  or  lead,  and 
another  plate  upon  them.  They  may  be  tempered,  if  found  too 
nard,  by  taking  a  little  of  the  tallow  upon  their  point,  then 
passing  them  through  the  flame  at  about  half  an  inch  above  the 
point,  and  holding  them  there  till  the  tallow  begins  to  smoke. 

Solidftallow  is  an  excellent  material  for  hardening  drills,  and 
other  articles,  which  require  considerable  hardness,  but  must 
not  be  made  brittle ;  tallow  differs  from  oil,  in  the  absorption  oi 
heat  for  its  fusion.  Oil  is  found  to  harden  the  surfoce  of  stet^l 
much  more  than  its  internal  pait,  so  thi^  it  resists  the  file,  but 
is  much  less  easily  broken  by  the  hammer.  This  effect  is  owing 
to  its  imperfectly  conducting  quality,  and  the  elevated  tem- 
perature it  demands  to  be  converted  into  the  vaporous  state ; 
a  covering  of  coal  is  also  formed  round  the  steel  by  the  burned 
oil,  whicn  greatly  retards  the  transmission  <5f  the  heat.  Any 
other  fluid  which  covers  the  steel  in  like  manner,  for  instance 
water  holding  soap  in  solution, producesasimilar  effect.  Hence 
the  vehicle  in  which  ignited  steel  is  plunged,  is  of  great  con- 
sequence. The  colder  it  is,  the  more  effectually  it  hardens  the 
metal.  Various  artists  avail  themselves  of  different  substances 
for  this  purpose.  Some  use  urine,  others  water  charged  with 
common  salt,  nitre,  or  sal  ammoniac.  Saline  liquids  produce 
rather  tuore  hardness  than  common  water,  and  aquafortis,  in 
particular,  possesses  this  property  in  an  eminent  degree.  Files 
are  covered  with  the  grounds  of  beer  and  common  salt,  and 
dipped  while  wet  in  a  powder  made  of  burned  or  parched  horn, 
leather,  or  other  coaly  animal  matter.  By  this  means  they  are 
not  only  defended  from  scaling,  by  the  fused  st^lt,  and  animal 
coal,  wnich  covers  them  on  all  sides,  but  even  rendered  rather 
more  steely  on  the  surface,  by  the  absorption  of  carbon.  They 
are  taken  out  as  soon  as  they  have  acquired  the  low  red  heat 
called  cherry  red,  and  instantly  plunged  into  pure  cold  water. 

When  steel  is  required  to  possess  the  greatest  possible  de- 
gree of  hardness,  it  may  be  (»ienched  in  mercury,  which  will 
render  it  so  hard  as  to  cut  elass  like  the  diamond ;  but  this 
fluid,  it  is  obvious,  can  only  oe  used  on  a  small  scale. 

Wrought  iron  may  be  hardened,  in  a  small  degree,  by  igni- 
tion and  plunging  in  water,  but  the  effect  is  confined  to  the 
surface;  except,  as  very  often  happens,  the  iron  contain  veins 
of  steel.  These  are  no  small  impediments  to  the  filing  and 
working  of  this  material. 

The  general  method  of  choosing  steel  for  edge  tools,  is  to 
break  a  oar,  observe  its  fracture,  and  select  the  closest  trained. 
But  this  mode  is  not  always  certain,  as  a  variation  in  the  frac- 
ture will  be  occasioned  by  the  difference  of  its  temper,  and  the 
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greater  or  less  heat  at  which  it  liaa  been  hammered ;  and  Bomc 
steel  breaks  of  a  very  close  grain,  though  of  indifferent  quality. 
The  surest  method  is,  to  have  one  end  of  the  bar  drawn  out 
under  a  low  heat,  such  as  an  obscure  red,  and  then  to  plunge 
it  suddenly,  at  this  heat,  into  pure  cold  water.  If  it  prove  hard, 
for  instance,  if  it  will  easily  cut  glass,  and  requires  a  great  force 
to  break  it.  whatever  its  fracture  may  be,  it  is  cood,  the  excel- 
lence of  steel  being  always  proportionate  to  me  degree  of  its 
tenacity  in  its  hard  state.  In  general,  a  neat  curved  line 
fracture,  and  even  gray  texture,  denotes  good  steel,  and  the 
anpearance  of  thready,  cracks,  or  brilliant  specks,  is  a  prooi 
of  the  contrary. 

If  diluted  nitrous  acid  (aquafortis)  be  applied  to  the  sur- 
face of  steel  previously  brightened,  it  immediately  produces 
a  black  spot;  but  if  applied  to  iron  in  like  manner,  the  metal 
remains  clean.    By  tnis  test  it  will  be  easy  to  select  such 

{lieces  of  iron  or  steel  as  possess  the  greatest  degree  of  uui- 
brmity;  as  the  smallest  vein  of  either  upon  the  surface,  will 
be  distinguished  by  its  peculiar  sign. 

The  hardness  and  polish  of  steel  may  be  united,  in  a  certain 
degree,  with  the  firmness  and  cheapness  of  malleable  iron,  by 
what  is  called  Case-hardening,  an  operation  much  practised, 
and  of  considerable  use.  It  is  a  superficial  conversion  of  iron 
into  steel,  and  only  differs  from  cementation  in  being  carried 
on  for  a  shorter  time.  Some  artists  pretend  to  great  secrets 
in  the  practice  of  this  art,  usin^  saltpetre,  sal  ammoniac,  and 
other  fanciful  ingredients,  to  which  they  attribute  their  success. 
But  it  is  now  an  established  fact,  that  the  greatest  effect  may 
be  produced  by  a  perfectly  tight  box,  and  animal  carbon  alone. 
Tlie  goods  intended  to  be  case-hardened,  being  previously 
finished  with  the  exception  of  polishing,  are  stratified  with 
aninial  carbon,  and  the  box  containing  tnem  luted  with  equal 

farts  of  sand  and  clay.  They  are  then  placed  in  the  fire,  and 
ept  at  a  light  red  heat  for  half  an  hour,  when  the  contents  of 
the  box  are  emptied  into  water.  Delicate  articles  may  be  pre- 
served, like  files,  by  a  saturated  solution  of  common  salt,  with 
any  vegetable  mucilage  to  give  it  a  pulpy  consistence.  The 
carbon  nere  spoken  of,  is  nothing  more  than  any  animal  mat- 
ter, such  as  horns,  hoofs,  skins,  or  leather,  just  suflSciently 
burnt  to  admit  of  being  reduced  to  powder.  The  box  is  com- 
monly made  of  iron,  but  the  use  oi  it,  for  occasional  case- 
nardening  upon  a  small  scale,  may  be  easily  dispensed  with  : 
as  it  will  answer  the  same  end  to  envelope  the  articles  with 
the  composition  above  directed  to  be  used  as  a  lute,  drying 
•t  gradually,  before  it  is  exposed  to  a  red  heat,  otherwise  it 
will  probably  crack      It  is  easy  to  infer,  that  the  depth  of  the 
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steel  induced  by  case-hardening^  will  vary  with  the  time  the 
operation  is  oontinued.  In  half  an  hour  it  will  scarcely  be 
the  thickness  of  a  sixpence,  and  therefore  will  be  removed  b  j 
violent  abrasion,  though  sufficient  to  answer  well  for  fire  irons^ 
&jo.  ia  the  common  vsage  of  which  its  hardness  prevents  its 
being  easily  scratched,  and  its  polish  is  preserved  by  friction 
with  so  soft  a  material  as  leather. 

The  bluing  of  steel  has  a  remarkable  influence  on  its  elas- 
ticity* This  operation  consists  in  exposing  steel,  the  surface 
of  which  has  been  brightened,  to  the  regulated  heat  of  a  platfe 
of  metal,  or  of  a  fire  or  lamp,  till  the  surface  has  acquired  a 
blue  colour.  If  this  blue  coal,  so  commonly  considered  rather 
as  ornamental  than  useful,  be  partially  or  wholly  removed  by 
grinding,  or  in  any  other  manner,  the  elasticity  is  proportion- 
ately impaired,  and  the  original  excellence  of  this  prooerty  caH 
only  be  restored  by  bluing  the  steel  a^ain.  Saw-makers  first 
harden  their  plates  in  the  usual  way,  in  which  state  they  are 
brittle  and  warped ;  they  then  soften  them  by  blazing,  which 
consists  in  smearing  the  plate  with  oil  or  grease,  and  heating 
It  till  thick  vapours  are  emitted,  and  bum  off  with  a  blaze. 
They  then  hammer  them  flat,  and  afterwards  blue  them  on  a 
hot  iron,  which  renders  them  stiff  and  elastic,  without  altet^ 
ing  their  flatness. 

it  may  be  useful  to  apprise  the  inexperienced,  that  the  hard^ 
ening  of  steel  increases  its  dimensions ;  so  that  such  pieces  6i 
work  as  are  finished  with  nicety  in  their  soft  state,  will  not  fit 
their  places  when  hardened.  The  amount  of  this  expansioifi 
cannot  be  accurately  stated,  as  it  varies  in  different  sorts  of 
steel,  and  even  in  the  same  steel,  operated  upon  at  different 
degrees  of  heat.  Rinman  found  that  bars  of  steel  six  inches 
long,  six  lines  wide,  and  half  an  inch  thick,  were  lengthened 
at  least  one  line,  after  hardening  at  a  whitish  red  heat,  whicfi 
is  about  one-seventieth  part  or  the  linear  dimensions ;  but^ 
according  to  the  experiments  made  by  others,  the  expansion 
is  not  so  considerable.  It  is  also  a  curious  fact,  that  intense 
cold  has  an  unfavourable  effec^t  upon  steel;  so  that,  in  severe 
frosts,  workmen  often  find  their  tools  incapable  of  receiving 
the  temper  they  wish. 

A  slender  rod  of  wrought  iron  may  be  expeditiously  con- 
verted into  steel,  by  plunging  it  into  cast  iron  in  fusion ; — ;a 
satisfactory  proof  that  cast  iron  contains  the  steel-making  priix- 
ciple,  which,  we  need  not  repeat,  is  carbon.     In  fact,  as  it  is 

f principally  in  the  supers^bundance  of  its  carbon  that  it  differs 
rom  steel,  many  attempts  (and  not  wholly  without  success]) 
have  been  made  to  convert  it  into  the  latter,  without  the  inter: 
mediate  Op^rmtlon  of  render! n<j:  it  ninlleable.     But  the  best 
1.  C 
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«teel  made  pursuant  to  this  idea,  is  very  imperfect.  It  is,  how- 
ever, not  unimportant  to  observe,  that  all  cast  iron  so  far  re- 
sembles steel,  as  to  be  hardened,  in  a  high  degree,  by  sadden 
pooling,  which  imparts  to  it,  at  the  same  time,  whiteness  of 
colour,  brittleness,  and  closeness  of  texture.  This  property 
of  crude  iron  may  be  advantageously  employed  on  many  oc- 
casions ;  for  instance,  in  the  fabrication  of  axles  and  coUaiB 
for  wheels,  which  are  easily  turned  or  filed  in  their  soft  state, 
and  may  afterwards  be  hardened,  so  as  to  wear  admirably 
well. 

The  heat  applied  to  cast  iron,  previously  to  its  being  plunged 
into  water  to  harden,  is  greater  than  that  to  which  steel  is  sab« 

i'ected  for  the  same  purpose;  it  should  be  little  short  of  a  white 
teat.     Cast  iron,  also,  when  once  hardened,  admits  not»  hke 
steel,  of  that  hardness  being  reduced,  by  various  gradations, 
to  any  specific  degree ;  to  soften  it  materially,  it  must  be  sub 
mitted,  for  some  time,  to  complete  ignition,  and  very  gradu 
ally  cooled. 

The  smaller  ramifications  of  cast  iron  work,  and  those  por 
tions  of  metal  which  have  the  furthest  to  run  from  the  git,  are 
often  found  so  extremely  hard,  that  the  best  file  will  make  no 
impression  upon  them,  while  the  remainder  of  the  casting  is 
sufficiently  soft  and  manageable.  This  effect  is  owing  to  the 
heat  carried  ofi*  by  evaporation  from  the  moistened  sand  of 
the  mould,  by  which  the  portions  of  metal,  under  the  circum 
stances  alluded  to,  are  suddenly  cooled.  To  increase  the 
number  of  gits,  and  to  use  the  sand  as  dry  as  possible,  are 
the  obvious  means  of  preventing  this  defect ;  but  when  it  has 
taken  place,  annealing  is  the  oiuy  remedy. 

The  chemical  properties  of  iron,  and  the  best  methods  of 
preserving  it  from  rust,  to  which  it  is  so  liable,  we  shall  speak 
of  hereafter.  The  mechanical  management  of  it,  which  con- 
stitutes our  present  subject,  now  requires  us  to  proceed  with 
the  operations  of 

Forging  and  Welding. 

In  forging,  the  fire  must  be  regulated  by  the  size  of  the 
work ;  and  in  heating  the  iron,  the  workmen,  when  the  fiame 
begins  to  break  out,  beat  the  coals,  round  the  outside  of  the 
fire,  close  together  with  the  slice,  to  prevent  the  heat  from 
escaping.  To  save  fuel,  they  damp  their  coals,  and  throw 
water  on  the  fire,  if  it  extend  beyond  its  proper  limits.  To 
ascertain  the  state  of  the  work,  they  draw  it  partly  out  of  the 
flre^  and  thrust  it  quickly  in  again,  if  not  hot  enough.  The 
beat  the  iron  receives  in  forging,  is  judged  of  by  the  eye,  and 
is  not  commonly  distinguished  into  more  than  these  three 
degrees,  viz»  the  blood  or  cherry-red  heat,  the  white  flaiM 
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neat,  and  .the  sparkling  or  welding  heat.  The  cherry-red  heat 
ia  used  when  it  is  only  intended  to  smooth  the  surface  of  the 
iron,  or  sttt}'en  it  in  a  Bmall  degree,  operations-ivbich  are  per- 
formed by  striking  evenly  with  the  hand  hammer;  with  light 
blows,  when  smoothness  of  surface  only  is  wanted,  and  using 
considerable  force,  when  it  is  desirable,  at  the  same  time, 
rather  to  harden  the  work.  When  Btiffness  alone  ia  required, 
the  iron  is  usually  hammered  cold,  by  which  means  it  may  be 
rendered  considerably  elastic  Belf-springs  are  rarely  made 
of  any  thing  else  than  sheet  iron  thus  managed. 

In  changing  the  form  of  iron,  the  white  flame  heal  ia  used, 
ftnd,  according  to  the  size  of  the  work,  it  is  battered  by  one, 
two,  or  more  men,  with  sledge  hammers,  the  largest  size  of 
which,  called  About  Sledges,  are  slun?  entirely  round,  with 
both  hands  nearly  at  the  extremity.  When  the  iron  is  nearly 
reduced  to  the  proposed  form  and  size,  it  is  finished  with  the 
hand  hammer,  the  dexterous  use  of  which  will  save  much 
trouble  in  filing. 

When  the  iron  is  required  to  be  doubled,  or  two  or  more 
pieces  consolidated,  the  sparkling  or  welding  heat  is  used,  by 
which  the  metal  is  brought  nearly.to  a  state  of  fusion,  and  ap- 
oeara  to  be  covered  with  a  strong  glaze  or  varnish.  This  var- 
nish is  still  more  abundant  in  steel.  As  soon  as  the  two  pieces 
of  iron  to  be  united,. have  attained  the  welding  heat,  they  are 
taken  out  of  the  iirc  with  the  utmost  dispatch,  the  scales  or  dirt, 
which  would  hinder  their  incorporation,  scraped  off,  placed  in 
nontact  at  the  heated  part,  and  Hammered  until  no  seam  or  fie- 
•ure  remain.  If  they  have  not  been  sufficiently  incorporated, 
theheatingandhammeringoughttoberepeated,  until  the  work 
18  perfectly  sound.  Workmen  differ  very  considerably  in  the 
care  they  bestow  in  this  respect ;  and  when  asletrees  and  other 
parts  of  machinery  give  way,  a  defective  forging  is  cenerally 
very  apparent.  To  make  the  iron  come  soonerto  a  welding  heat, 
stir  the  (ire  with  the  hearth  staff,  and  throw  out  the  clinkers, 
as  well  as  the  cinders  upon  which  the  iron  may  have  run,  as 
Uiey  will  prevent  the  coals  friShi  burning.  The  fire  for  welding 
should  be  free  from  sulphur;  and  the  rods  may,  in  part,  be 
prevented  from  wasting,  by  taking  care  to  supply  them,  at  the 
heatedpart,  with  powdered  glass,  or  sand;  or  a  mixture  of  sand 
and  the  scales  which  fly  from  ignited  iron  in  hammering.  Care 
must  also  be  taken  to  prevent  the  iron  from  running,  which 
will  make  it  so  brittle  as  to  prevent  its  forcing,  and  so  hard  as 
to  resist  the  file.  If  this  accident  occur,  the  whole  of  the  iron 
supposed  to  be  injured  by  the  extreme  heat  to  which  it  hai' 
been  exposed,  must  be  cut  off  and  rejected. 

When  it  is  required  to  thicken  any  part  of  a  bar  of  irou  with- 
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jttt  welding*  the  operation  called  upsetting  must  be  resorted  to^ 
This  consists  in  giving  it  the  white  flame  heat  at  the  part  to  be 
thickened,  and,  while  one  §nd  rests  upon  the  anvil,  hammer- 
ins  at  the  other  till  the  required  size  is  produced. 

in  forging  steel»  great  care  must  be  taken  not  to  use  a  higher 
degree  of  heat  than  is  absolutely  necessary  to  effect  the  desired 
purpose,  as  well  as  to  use  the  fewest  heats  possible.'  To  unite 
steel  to  iron  completely,  without  injuring  the  former,  is  an 
opei*atiou  that  demands  a  i^icety  of  management  which  work- 
men are  not  often  very  anxious  Xo  display*  Those,  therefore, 
whose  purposes  r^uire  it  to  be  well  pertornoLed,  will  oaly  em-w 
ploy  men  on  wliom  thejr  can  depend.  It  is  not  always  merely 
Cor  economy,  that  steel  is  welded  to  iron,  but  often  principally 
with  the  view  of  uniting  the  opposite  qualities  of  t$e  metal, in 
each  state.  If  the  mandrel  of  a  lathe  were  made  of  the  hest 
ateel,  sufficiently  hard  to  wear  well  in  the  collar,  it.  would  be 
toapped  by  a  sudden  check :  and  an  axe,  wholly  of  steel,  if 
soft,  would  be  useless ;  and  if  hard,  would  probably  neither  bear 
the  shock  of  a  violent  blow,  nor  the  twisting  to  which  such 
tools  are  subjected.  But  by  uniting  a  proper  quantity  of  iron 
with  the  steel,  the  inconvenience,  and  even  danger,  resulting 
from  such  accidents,  are  avoided.  In  applying  them  to  each 
other,  regard  must  be  paid  to  the  manner  in  which  the  tool 
will  be  used.  Fur  an  axe,  the  edge  of  which  is  formed  by 
grinding  both  sides,  the  steel  is  placed  in  the  middle,  between 
two  plates  of  iron;  the  blade  of  a  plane,  which  is  ground  only  on 
one  side,  recj^uires  the  iron  also  to  be  only  on  one  side,  namely, 
the  back  of  it;  and  for  that  part  of  a  mandrel  which  works  in 
the  collar  of  a  lathe,  the  steel  must  encircle  the  iron. 

Damascus  was  anciently  famed  for  the  excellence  of  the  steel 
goods  manufactured  there,  especially  its  swords,  which  are  said 
to  possess  all  the  advantages  of  flexibility,  elasticity,  and  hard- 
ness. These  united  distinctions  are  supposed  to  have  been 
efiected  by  blending  alternate  portions  of  iron  and  steel ;  the 
latter,  by  repeatedly  drawing  out,  doubling,  and  welding  the 
work,  being  diffused  througnomt  the  former,  almost  as  com- 
pletely as  a  drop  of  ink  is  diffused,  by  intermixture,  with  a 
glass  of  water.  But  the  best  attempt  which  we  are  at  present 
aware  of  having  been  made  in  England,  to  ipaitate  .Damascus 
steel,  acoording  to  the  plan  here  pointed  out,  did  not  perfectly 
succeed,  the  mass  produced  having  cracked  in  tempering.  1 
ai>pears  probable,  that  the  desired  imitation  may  be  eflected 
with  much  greater  advantage  by  the  use  of  steel  alone,  the  iros 
firom  which  it  is  made  being  judiciously  selected,  and  after 
wards  very  carefully  cemented  and  forged.  It  is  Swedish  iror 
that  is  mostly  converted  into  steel;  but  that. kind  called  oU 
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9abh)  which^  we  belieye,  comes  from  Russia,)  possessed^  in  pomt 
of  tenacity,  according  to  the  experiments  of  an  ingeivous  phi 
losopber,  a  very  deciaed  superiority  over  every  other  kind«    It 
would,  doubtless,  therefore,  be  suitable  for  ^e  purpose ;  the 

Eroperties  of  steel  being  influenced,  as  will  easily  be  supposed^ 
y  the  properties  of  the  iron  from  which  it  is  manufactured  < 
and,  in  confirmation  of  what  has  been  said  of  the  advantages 
of  good  forging,  we  may  here  take  notice  of  the  forge  hammer,* 
invented  by  George  Walby,  of  London,  for  which  inventioxi^ 
the  Society  for  the  Encouragement  of  Arts,  &c.  rewarded  him 
*with  their  silver  medal  and  forty  guineas.  Although  it  wei^s 
seventy  pounds,  it  may  be  wrought  by  one  man,  with  the 
greatest  accuracy  and  ease,  at  the  rate  of  thirty  blows  pes 
minute,  and  performs  the  work  of  two  or  three  men.  The  in- 
ventor states  to  the  Society,  that  the  steel  is  kept  in  bettic 
temper  by  this  hammer,  and  fewer  heats  are  reqmred  for  the 
same  work,  than  in  the  common  way ;  that  the  trowels  made 
with  it  by  him,  will  bear  any  pressure  of  bending,  and  return 
by  their  elasticity  to  their  original  shape,  and  they  will  even 
cut  a  chip  from  a  bar  of  iron,  without  hurting  their  edge^;  they 
also  are  lighter  and  more  handy  thanoommoa  trowels,  and 
serve  much  longer  in  use. 

The  steel  which  contains  the  smallest  proportion  of  carbon^, 
as,  for  example,  shear  steel,  is  the  most  easily  welded;  but  it 
is  by  fusion,  which  entirely  destroys  its  fibrous  texture,  that 
it  is  rendered  incapable  of  being  welded  to  itself,  and  some 
maintain  that  genmne  cast  steel  has  never  been  united  even  to 
iron  by  welding.  Yet  others  have  stated,  that  the  means  by 
which  this  may  be  accomplished,  consist  in  placing  betweei. 
the  iron  and  the  steel  another  kind  of  steel,  in  the  form  of  fi 
ings,  or  a  thin  plate,  the  iron  being  brought  to  a  welding  heai, 
and  the  cast  steel  made  as  hot  as  can  oe  done  with  safety. 
Such,  however,  are  the  difficulties  of  the  operation,  and  so  fri^ 
quently  imperfect  the  work  when  finished,  that  other  means  of 
efiectiug  the  union  have  been  resorted  to.  One  of  them,  for 
which  a  patent  has  been  granted,  has  been  brought  into  com- 
mon use,  for  the  blades  of  joiners'  planes,  and  many  other  pur- 
Soses;  it  consists  in  uniting  the  steel  to  the  iron  with  soft  sol 
er  or  tin.  In  this  process,  the  cast  steel,  not  being  exposed 
to  much  heat»  loses  none  of  its  good  properties;  but  the  union 
is  not  so  substantial  as  that  afforded  by  welding. 


*  For  the  description  of  this  hammer,  llhistrated  by  an  eugraving,  see 
Ihe  Transactions  of  the  Sodet  j  for  the  Enooura^ment  of  Arts,  Maimftio* 
tores,  and  Commerce,  or  the  Repertory  of  Arts,  vol.T,  seoond  series,  ISQftt 


14  IfSeHANICAL  EXERClSta. 

Hm  fiMTfe  bellow*. — ^Tht  Mnl.--l%e  vie*. 

j_ .  -  — ■ — r 

Of  forging  Iron,  and  the  Tools  used  in  the  working  of  Metah 

Minutely  to  describe  the  various  tools  made  use  of  in  forging 
iron,  and  in  the  working  of  metals  generally/  would  be  more 
likely  to  tire  than  to  please  our  readers,  to  whose  information 
*  on  such  points,  a  volume  of  the  most  elaborate  description 
would  not  add  so  much  as  a  few  moments'  inspection  of  work- 
shops, which  may  be  seen  in  every  village  of  the  kingdom.  We 
shall,  therefore,  on  this,  as  on*  other  occasions  of  the  kind, 
confine  our  remarks  to  particulars  which  are,  for  the  most 

Eart,  either  not  generally  practised,  or  not  often  communicated* 
y  workmen,  or  not  tlie  most  likely  to  catch  the  eye  of  the 
looker-on. 

The  best  position  for  the  bellows  is  on  a  level  with  the  fire 
place,  but  they  are  frequently  placed  higher,  and  the  blast  com 
municated  through  a  bent  tube,  for  the  purpose  of  gaining 
room  near  the  floor.  The  small  end  of  the  pipe  of  the  oellows 
passes  through  the  back  of  the  forge,  where  it  is  fixed  in  a 
strong  iron  plate,  called  a  tue  iron,  or  pateixt  back,  in  order 
t.">  preserve  tne  bejlows  from  injury,  and  the  back  of  the  forge 
from  requiring  frequent  repair. 

Th^  anvil  is  a  substantial  mass  of  iron,  to  the  surface  of 
which 'a  plate  of  steel  is  firmly  welded,  and  made  sufficiently 
hard  to  withstand  the  file,  or  the  blow  of  a  hammer.  It  is  usu- 
ally made,  for  forging  iron  upon,  with  one  or  two  projecting 
arms,  and  is  then  called  a  beak  iron.  These  arms  are  useful  in 
giving  the  requisite  form  to  various  sorts  of  work :  when  there 
18  only  one,  it  is  preferred  of  a  conical  shape ;  when  there  are 
two,  one  of  them  is  pyramidical.  They  are  affixed  length- 
ways, a  little  below  the  surface  of  the  body  of  the  anvil,  and 
rather  inclining  upwards  towards  the  point.  In  Birmingham, 
where  attic  rooms  are  frequently  converted  into  workshops, 
the  block  upon  which  the  anvil  is  fixed,  is  placed  upon  a  stra- 
tum of  sand,  which  prevents  the  vibrations  that  would  other- 
wise be  communicated  to  the  floor,  and  much  of  the  noise 
which  would  incommode  the  inhabitants  of  the  room  below. 
The  contrivance  is  simple,  and  susceptible  of  other  applica- 
tions. Clock-makers  use  very  small  anvils  or  beak  irons, 
which  they  fix  in  the  vice  when  in  use.  The  anvils  of  tin- 
plate  workers  are  of  various  sizes,  and  ar6  often  made  with 
concavities  and  projections  upon  them,  by  the  help  of  which 
they  can  readily  communicate  different  shapes  to  their  work. 

The  large  vice  must  be  firmly  fixed  to  the  side  of  the  work- 
bench, to  the  ed^e  of  which  its  chaps  must  be  parallel,  their 
upper  surface  being  at  the  same  time  exactly  horizontal.  The 
best  elevation  for  a  vice,  is  that  of  the  workman's  elbow,  when 
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the  upper  arm  is  held  vertically  against  the  side  ;  and  the 
.  lower  arm,  for  the  sake  of  trying  the  height,  is  held  at  right 
angles  thereto.  In  filing,  if  the  vice  or  the  work  he  ahore 
this  pos^ition,  which  is  seldom  heeded,  or  even  thought  of,  the 
eti'oke  1  1  not  be  so  powerful  as  the  same  exertion  would 
otherwise  make  it;  and,  whether  higher  or  lower,  it  will  be 
found  exceedingly  difficult  to  carry  the  file  in  a  horizontal 
direction.  As  the  teeth  on  the  inner  surface  of  the  chaps 
would  mar  fine  work,  if  pressed  against  it  sufficiently  hard  to 
keep  it  steady,  tfaey  are,  as  often  as  the  occasion  requires, 
covered  with  plates  of  lead,  about  the  eighth  of  an  inch  thick. 
These  plates  must  be  large  enough  to  extend  nbout  half  an 
inch  on  each  side  heyond,  and  an  inch  above  the  chaps,  to 
each  of  which,  when  screwed  tight,  one  of  them  is  secured  by 
hamnkering  down  the  projecting  parts. 

The  hand  vice  is  used  to  hold  small  articles  in  the  act  of 
filing;  it  is  held  in  the  left  hand,  and  the  parts  of  the  iron, 
while  pressed  upon  the  end  of  the  bench,  or  upon  a  bit  of 
wood  or  bone  in  the  large  vice,  are  successively  turned  to  the 
file,  which  is  held  in  the  right  hand.  A  nick  is  made  in  the 
wood  or  bone,  to  keep  the  work  from  being  carried  aside  by 
the  file. 

Hammers,  like  anvils,- are  faced  with  8teel,  in  a  state  of 
conBiderable  hardness.  Their  handles  are  almost  always  made 
of  nearly  a  uniform  thickness  in  every  part,  or  if  they  differ 
from  such  figure,  it  is  not  for  any  specific  purpose.  Hence 
the  vibrations  of  the  hammer  head  are  communicated  to  the 
hand,  to  which  they  occasion  very  unpleasant  sensations, 
vnd  the  workman  is  tired  before  he  has  giucb  exerted  his 
strength.  If  the  handle  of  the  hammer,  at  a  little  distance 
from  Its  upper  end,  be  made  considerably  smaller,  for  a  short 
space,  than  in  any  other  part,  the  alteration  will  be  found  a 
decisive  improvement.  Such  a  hammer  will,  as  it  ia  techni- 
cally tuimea.  Jail  well:  diminishyig,  at  the  same  time,  the 
workman's  fatigue,  and  convincing  him  that  his  blows  are 
solid  and  effectual.  Fig.  1.  pi.  III.  will  clearly  designate  this 
construction:  it  represents  a  hammer  for  chipping  iron;  for 
which  purpose,  the  bead  need  not  be  more  than  sixteen  ounces 
in  weight,  and  the  handle  about  twelve  inches  long.  In  n 
hammer  of  any  given  shape,  calculated  to  give  the  hardea' 
clows  with  the  least  weight,  and,  cumtequently,  with  the  least 
fatigue,  the  quantity  of  iron  in  the  head  should  he  equal  on 
the  opposite  sides  of  a  line  supposed  to  bo  drawn  perpendi- 
cular to  the  centre  of  the  face.  [{Hmmers.  therefore,  made 
for  the  purpose  of  drawing  uuils,  with  clawu.  which  lean  back- 
wards from  this  line,  are  not  calculated  to  produce  the  bert 
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effect  in  8txiking«  Clockmakers,  tin-plate  workers,  and  bra*' 
aiers,  face  their  pUaishiiig  hammers  upon  a  jrrindstone ;  they 
then  rub  them  upoh  a  soft  deal  board,  covert  with  emery  ana 
oil,  until  the  scratches  of  the  stone  are  removed ;  they  next 
use  a  Turkey  hone  and  oil,  and  finish  them  with  putty,  or  col* 
cothar  and  water,  upon  a  smooth  board.  Watch-makers  and 
silversmiths  take  still  move  pains  with  theirs,  selecting  them 
free  from  every  flaw,  removing  every  scratch,  and  giving  them 
an  exquisite  lustre  with  colcothar  or  putty. 

In  riveting  two  pieces  of  metal  together,  if  the  head  of  the 
rivet  is  not  intenoed  to  project,  the  hole  must  be  widened  a 
little  at  the  top  and  bottom.  One  of  the  headt?  of  a  rivet 
should  be  made  before  it  is  pat  into  its  place,  in  which  it  is 
secured,  by  striking  the  edge  of  the  other  end  of  the  shank 
(previously  filed  flat)  widi  light  blows,  till  it  is  evenly 
■pread  all  rounds  when  heavier  blows  may  be  used,  till  it 
is  sufficiently  firm.  When  the  head  of  a  rivet  or  screw  is 
on  a  level  with  the  surface  of  the  work,  it  is  6aid  to  be 
countersunk. 

In  cutting  sheet  iron  or  brass,  and  even  bars  of  the  same 
metals,  shears  are  used.  They  are  frequently  made  three  or 
four  feet  long ;  one  handle  is  screwed  fast  in  the  vice,  or  sc- 
oured to  the  bench,  and  the  uppermost  only  is  moveable.  The 
harder,  and  the  greater  the  thickness  of  the  metal  they  are 
designed  to  cut,  the  more  obtuse  the  angle  by  which  the  edge 
is  formed. 

A  chisel  is  often  used  instead  of  a  pair  of  shears,  and  though 
itdoes  not  cut  with  so  much  rapidity,  it  is,  on  many  occasions, 
more  convenient,  as  it  can  be  made  of  different  figures,  guided 
in  various  directions,  and  stopped  at  any  given  point.  Plates 
of  metal  to  be  cut  with  a  chisel,  are  laid,  during  the  operation, 
upon  a  mass  of  lead,  or  upon  an  anvil ;  if  the  latter  be  used,  they 
are  not  cut  quite  through,  to  prevent  injuring  the  chisel,  yet  they 
are  so  nearly  divided  that  the  separation  can  be  effected  by 
striking  them  with  the  hammer  while  held  on  the  edge  of  th*^ 
anvil,  or  by  wriggling  them  with  the  hand  or  in  the  vice. 

Saws  for  cutting  metals,  are  made  very  narrow,  (see  fig.  2. 
pi.  Ill :)  and  stretched  bv  a  screw  at  one  end ;  they  are  made 
rather  thicker  on  the  edee  than  at  the  back ;  the  teeth  are 
small,  and  are  not  bent  like  those  for  joiners'  use.  Clock  and 
watch-makers  often  make  their  saws  of  broken  watch-springs, 
the  temper  of  which  is  suitable  for  the  purpose,  and  the  metal 
commonly  excellent.  In  sawing  malleable  iron  and  steel,  oil 
must  be  used;  crude  iron  and  brass  require  no  oil,  but  for  the 
latter,  a  viery  sharp  saw  is  necessary,  and  it  may  also  be  rathei 
hafder  than  for  iron. 
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Metals  are  sometimes  wrought  by  chiming*  This  operation 
BOt  only  often  produces  the  intendfed  effect  in  an  expeditious 
manner,  but  saves  much  expense  in  the  files  vrhich  would  other* 
wise  be  required.  It  is  most  frequently  applied  to  cast  iron, 
the  dark  rind  or  outside  of  which,  taken  as  it  comes  from  the 
mould,  is  always  harder  than  the  rest,  and  frequently  so  very 
hard,  that  it  would  spoil  the  best  file  in  a  few  minutes,  while^ 
at  no  greater  depth  than  the  twentieth  part  of  -an  inch,  or  even 
less,  it  is  nearly  as  soft  as  brass.  The  chisel  will  penetrate 
this  hard  crust,  and  afterwards,  as  may  be  easily  understood^ 
its  edge  need  only  be  made  to  act  upon  the  soft  part.  The 
chisel,  for  this  description  of  work,  need  not  be  more  than 
seven  inches  long,  but  it  ought  to  be  made  of  the  best  cast 
steel.  Fig.  3.  pi.  III.  represents  such  a  chisel. — No.  1,  show- 
ing the  front,  and  No.  2,  the  side  of  it,  to  point  out  the  nature 
of  its  edge.  The  hammer  to  be  used  with  it  has  been  already 
mentioned.  It  is  held  in  an  ans^le  of  about  forty-five  degrees, 
and  the  blows  of  the  hammer  are  given  in  quick  succession. 
Some  dexterity,  certainly,  which  can  only  be  acquired  by 

Kractice^  is  requisite,  to  preserve  a  tolerabty  equable  surface* 
ut  the  art  is  not  of  difficult  acanirement.  A  pellicle  of  iron 
may^  by  the  chisel^  be  taken  nrom  a  surface  of  a  hundred 
square  inches,  in  four  or  five  hours,  and  when  it  has  been  well 
done,  the  file  very  speedily  levels  the  ineq^ualities  which  it 
leaves.  When  much  exactness  is  required,  it  is  advisable  to 
examine  the  work  before  the  chipping  is  commenced,  and  if 
improper  protuberances  or  hollows  appear  in  it,  the  chisel 
must  be  struck  deeper,  or  not  so  deep,  at  such  places,  as  the 
circumstance  dictates. 

Malleable  iron,  in  a  state  of  ignition,  is  easily  perforated 
with  a  steel  punchy  which  is  made  of  the  size  ana  shape  of 
the  hole  required,  except  that  it  must  always  be  tapered  more 
or  less  towards  the  lower  end,  to  facilitate  drawing  it  out. 
It  is  seldom  pointed  at  the  extremity,  which  is  hardened 
without  tempering,  as  the  heat  of  the  iron  will  soften  it  suffi- 
ciently, and  sometimes  too  much ;  to  check  the  latter  effect, 
it  is  plunged  into  water  as  often  as  it  is  supposed  to  be  con- 
siderably heated.  The  hole  may  be  finished  with  a  file,  or 
by  hammering  it  at  a  low  heat  upon  a  smooth  mandrel  or  pin» 
or  by  a  well  tempered  triangular  square,  or  octagonal  oar, 
fixed  to  a  handle,  and  wrougnt  the  same  way  as  a  carpenter's 
auger.  A  tool  of  this  description  is  called  a  rimer,  and  is^ 
made  to  taper  a  little  firom  the  handle  to  the  lower  end.  In 
using  it  the  motion  must  be  slow.  The  triangular  and  square 
orm  answer  well  for  brass,  and  the  softer  metals ;  but  the 
octagonal  one  is  much  more  suitable  for  iron;  as  the  other 
!•— Vol.  L  D 
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would  take  hold  so'  deeply  as  to  break  with  the  force  requiaite 
to  turn  them  round.  A  sharp-pointed  punch  will  penetrate  % 
piece  of  cold  iron,  nut  exceeding  the  tenth  of  an  incn  in  thick 
ness»  sufficiently  deep  to  cause  a  projection  on  the  under  side^ 
when  this  projection  is  filed  ofi',  if  the  hole  does  not  appear,  a 
repetition  of  the  punching  will  immediately  produce  it;  and 
it  may  be  widened  by  the  octagonal  tool  above-mentioned. 
Brass  may  be  managed  in  the  same  way,  with  still  more  fa 
cility :  the  plate  of  metal  to  be  pierced,  should  be  laid  upon 
lead ;  or  the  under  surface,  opposite  the  point  of  the  punch, 
should  be  placed  over  a  hole  in  an  anvil. 

As  puncning  is  not  applicable  to  cast  iron,  nor  to  small 
and  deep,  or  very  large  holes  in  any  metal,  and  is,  besides,  apt 
to  throw  the  piece  out  of  shape,  mecJianics  have  recourse^ 
according  to  the  nature  of  the  work  they  have  in  hand,  to 
the  different  methods  of  . 

Baring  and  Drilling. 

The  steam  engines  of  the  present  day  are  not  more  indebt- 
ed for  their  excellence  to  modern  improvements  in  their  con- 
struction, than  to  the  new  methods  which  have  been  adopted 
to  render  them  faultless  in  point  of  workmanship.  In  the 
latter  respect,  the  boring  of  the  cylinder  presents  one  of  the 
most  remarkable  features  of  difference  from  the  old  plans. 
The  way  usually  was,  at  some  of  the  first  founderies,  to  put 
it  upon  a  carriage,  insert  the  cutter  block,  set  the  mill  to 
work,  hang  a  cloth  at  the  open  end  to  keep  in  the  dust,  and 
let  it  bore  away,  which  it  would  be  doing,  on  a  large  cyliiw 
der,  for  three  weeks  or  a  month ;  and  if  it  was  tolerably 
smooth,  it  was  said  to  be  well  done.  As  the  cylinder  is  cast 
hollow,  though  the  moulder  pursues  the  most  correct  method 
his  art  is  capable  of,  yet  it  is  impossible  to  be  certain  that, 
when  the  mould  has  received  the  metal  from  the  furnace,  it 
shall  come  out  quite  straight;  and  if  it  come  out  crooked,  ft 
must  remain  so,  for  this  despicable  mode  of  boring  will  never 
remedy  that  imperfection.  It  is  not  like  boring  a  solid  piece 
of  metal,  as  in  boring  ordnance,  &c.  All  that  this  old  boring 
can  do  to  a  cylinder,  is  to  make  it  round  and  smooth,  for 
there  is  nothing  to  conduct  the  boring  bit  in  its  progress,  but 
the  form  given  it  by  the  moulder,  whose  best  exertions  cannot 
ensure  success :  it  complies,  therefore^  with  the  twistings  of 
its  road,  and  the  cylinder  is  inaccurate.  If  the  metal  be 
harder  on  one  side  than  another,  it  produces  an  additional 
source  of  imperfection. 

The  new  method  of  boring  originated  with  John  Wilkin* 
8on>  iron  master,  and  the  cylinders  were  executed  in  a  man* 
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ner  which  has  not  since  admitted  of  improvement.  Wheft 
the  process  is  conducted  by  an  intelligent  workman,  if  the 
cylinder  should  be  cast  ever  sa  crookeo^  or  ever  so  thick  on 
one  side  more  than  another,  he  can  take  out  the  redundancy 
from  that  side,  and  scarcely  touch  the  other.  This  will  rea*. 
dily  be  admitted,  when  it  is  understood,  that  the  cutting  ap- 
paratus is  conducted  alon?  a  tool  (called  by  the  workmen  a 
boritie  bar)  which  is  itself  a  masterpiece  of  workmanship,  a 
perfect  cylinder.  Hence,  whatever  is  carried  along  this  bar, 
parallel  to  its  axis,  must  move  in  a  right  line.  When,  there- 
fore, it  has  been  turned  with  the  utmost  care  and  precision,  it 
is  to  have  two  grooves  cut  opposite  each  other  in  this  direc- 
tion. A  cast  iron  socket  is  tnen  bored  and  ground  upon  the 
bar,  so  as  to  fit  it  in  the  most  exabt  manner.  The  external 
part  of  this  socket  is  made  donical,  with  four  or  six  studs 
upon  the  base  of  it,  to  receive  the  cutter  block ;  and  fillets 
fastened  upon  the  inside  of  it,  and  felling  into  the  grooves, 
while  they  allow  it  to  slide  along  the  bar,  prevent  its  being 
carried  round,  unless  the  bar  be  carried  round  at  the  same 
time.  To  give  a  proiiressive  motion  to  the  socket  and  cutter 
block,  while  the  bar  is  turning  on  its  own  axis,  a  coitar  of 
metal  \s  fitted  on  the  socket,  and  that  collar  is  connected  with 
two  racks,  long  eno^ugh  to  reach  thi^ougfc  the  cylinder,  and 
communicate  with  a  pair  of  pinions,  whVCTi'  being  acted  upon 
by  two  levers,  carrynig  a  sufficient  weight  to  overcome  all 
resistance  in  the  operation,  the  socket  is  drawn  along  the 
boring*  bar,  and  the  cutters  festened  in  it  effectually  perform 
their  work. 

In  fitting  up  the  boring  apparatus,  some  diversity  of  prac- 
tice prevails.  By  some,  a  hole,  to  admit  a  single  rod,  is 
drilled  through  the  whole  leneth  of  the  bar,  and  a  groove  is 
sunk  entirely  through  one  side  of  it,  so  as  to  come  into  the 
hole  thus  drilled.  A  branch  from  the  internal  part  of  the 
*  socket  is  fitted  into  the  groove,  with  an  eye  to  receive  the 
end  of  the  rod,  to  which  it  is  secured  by  a  screw,  so  that 
when  the  rod  is  drawn  along,  the  socket  moves  at  the  same 
time  in  the  same  direction.  A  weight,  with  a  rope  over  a 
pulley,  is  applied  to  give  the  progressive  motion  to  the  socket 
upon  the  bar.  This  mode  of  constructing  the  bar  is  the  best 
way  for  the  boring  of  small  cylinders,  as  there  is  no  incum- 
brance upon  the  socket ;  and  if  the  bar  is  sufficiently  strong, 
it  win  move  with  great  steadiness. 

Ordnance  were  formerly  cast  hollow ;  they  are  now  always 
oast  solid,  and  afterwards  bored  by  machinery.  The  gun  to 
be  bored  lies  with  its  axis  parallel  to  the  horizon,  and  in  that 
ivoisitibn,  moving  in  a  collar  fixed  at  each  end.  it  is  turned 
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jroaAd  its  axis.  The  borer  is  laid  truly  horizontal,  in  the  di> 
rection  of  the  axis  of  the  gun^  and  is  incapable  of  motion  in 
any  direction  except  that  of  its  length  -^  and  in  this  direction 
it  IS  constantly  moved,  so  as  to.  pieice  and  cut  the  gun,  by 
.means  of  rack-work,  a  lever  and  weighty  applied  in  the  man* 
ner  represented  by  fig.  4.  pL  III,  where  it  is  obvious,  that  if 
the  weight  at  the  upper  end  of  the  lever  is  sufficient  to  over* 
come  the  resistance,  the  pinign  will  turn  till  the  lever  reatfr 
on  the  ground ;  at  this  moment  therefore,  or  a  little  before, 
the  workman  who  attends  the  machinery,  taking  it  out  of  the 
hole  on  the  axis  of  the  pinion,  into  which  it  is  hooked,  inserts 
it  in  another  higher  up,  and  this  he  continues  to  do  at  the 
proper  interval,  till  the  work  is  finished.     The  outside  of  the 

Sun  is  smoothed  at  the  same  time  by  men,  with  instruments 
t  for  the  purpose,  while  it  revolves,  so  that  the  bore  may  be 
exactly  in  the  centre  of  the  metal. 

Boring  differs  from  drUling  only  in  being  commonly  applied 
to  larger  works.  Drilling  may  be  effected  in  a  lathe  with 
great  facility.  The  drill  is  screwed,  or  otherwise  fastened, 
upon  the  spindle,  so  that  its  point  shall  turn  exactly  opposite 
the  point  of  the  screw  in  the  right  hand  puppet.  The  piece 
to  be  drilled  is  then  slightly  pierced  with  a  punch,  where  the 
irilling  is  to  commence*  and  also  where  it  is  mtended  to  come  , 
out.  Against  the  latter  puncture,  the  point  of  the  screw  in 
the  right  hand  puppet  is  airected,  and  gradually  pressed  for- 
ward as  the  drill,  on  turning  the  wheel,  is  found  to  cut.  The 
motion  of  the  wheel  must  be  slow,  especially  for  iron.  The 
rest,  or  any  temporary  support,  may  be  used  to  keep  the 
work  steady,  which  may  then  be  perforated  with  expedition 
and  accuracy.  A  short  lever,  with  a  weight  at  the  end  of  it. 
may  be  applied  to  advance  the  screw,  so  as  to  leave  both 
hands  of  the  workman  at  liberty  for  other  matters. 

Small  drills,  used  by  clock-makers  and  others,  are*  usually 
made  of  a  single  piece  of  steel  wire,  upon  which,  about  the  * 
middle,  a  pulley  or  drill  barrel  is  driven,  (see  fig.  o.  pi.  III.) 
Sometimes,  a  shank  or  small  mandrel  is  used,  with  a  square 
hole,  aboiit  half  an  inch  deep,  at  the  end  of  it,  into  which 
drill  bits  of  various  sizes  can  be  alternately  inserted.  The 
Gfisadvantage  of  this  construction  is,  that  the  dr'ill  bit  is 
seldom  held  true,  which  causes  it  to  perform  indifferently 
It. is,  therefore,  but  little  used  by  those  workmen  who  can 
readily  furnish  themselves  with  the  other  kind  as  they  want 
them.  When  these  small  drills  are  used,  they  are  held  hori- 
xontally,  and  pressed  against  the  work  by  a  breast-piece^ 
which  IS  sometmies  made  of  wood,  and  sometimes  of  sheet 
iron ;  but,  in  either  case,  is  rather  concave  on  its  inside^  t/o 


lCECHliKlCAXr.£K£UCt9K8.  SI 

The  luuidHMl.-^FiateiBlHH|:ia:  tempering  drills. 


ite«t  iobre  steadily .  upon  the  breast,  and  in  the  centre  of  the 
outside  is  fixed  a  bH  oif  steel,  foi^  the  blunt  end  of  the  drill  to 
work  ill*  The  drill,  is  tttrned  by  drawing  backwards  and  for* 
wards  all  elastic  bow,  the  string  of  Which  is  coiled  once  round 
its  pulley.  The.  best  bows  are  made  of  steel,  and  the  strinirs 
of  catgtit ;  the  .strength  of  them  must  be  proportioned  to  the 
size; Cf  the  drill.  A  piece  of  stout  cane  makes  no  bad  sub- 
stitote  for  a  steel  bow.  * 

To  make  lai^e  holes,  more  force  is  required  than  can  be 
giveii  by  the  bow  and  string,  instead  of  which  a  brace,  not 
vory-  unlike  that  ui^ed  by  jomers,  iis  employed,  and  the  drill 
itself  is  fitted  as  a  bit ;  but  instead  of  the  stock  which,  in  the 
joiner's  tool,  remains  stationary,  while  the  rest  is  turning,  we 
liave  here  a  long  taperinjj  spindle,  which  being  nothing  more 
than  a  continuation  of'thc  nrace,  is  necessarily  carried  round 
at  the  same  time.  The  upper  end  of  the  spindle  works  in  an 
i#oh  or  steel  plate,  which  is  fixed  on  the  under  side  of  a  beam, 
called  the  drill  beam.  Ovie  end  of  the  beam  turns  upon  d 
transverse  pin.bebvfc?n  two  uprights,  pierced  with  various 
boles,  to  fix  it  at  dittereiit  elevations;  the  other  enjd,  which  is 
pressed  down  by  a  weight,  passes,  when  great  steadiiWss  is 
wanted,  between  two  other  uprights.  The  point  of  the  bit 
being  then  placed  upon  the  part  of  the  metal  to  be  drilled, 
thd  brace  is  revolved  by  theliand,  and  a  hole  to  any  required 
depth  may  be  made.  The  bit  should  be  well  fitted  to  the 
brace,  though,  as  very  small  holes  are  not  made  with  this  ap- 
paratus, the  disadvantage  of  its  shakiii^  a  little  is  not  of  so 
much  moment  as  in  the  breast  drill.  The  drill  is  commonty 
fitted  up  so  that  the  work  to  which  it  is  applied  can  be  fixed 
in  the  vice.  Fig.  6.  pi.  lH.  represents  the  manner  of  fitting 
up  the  hand  drin,  and  fig.  7.^one  of  the  bits  separately. 

The  vertical  part  of  the  crank,  by  which  the  hand  revolves 
the  drill,  ought  to  be  very  smooth,  or,  what  is  still  better,  it 
may  be  covered  with  a  Ipose  handle.  If  this  handle  be  made 
of  iron,  it  may  be  bent  round  and  soldered  ;  if  of  woou,  it  may 
be  made  out  of  a  hollow  cylinder,  cut  in  two  pieces,  between 
which  the  vertical  part  of  the  crank  may  be  enclosed,  ami  it 
may  then  be  fastened  by  gltie,  or  by  a  hoop  at  either  eml,  the 
diameter  of  the  hoop  being  made  large  enough  io  potss  6hrer 
•ny  part  of  the  brace. 

Drills  ought  to  be  made  of  the  best  steel,  and  the  cu^tlhg 
part. only  snbiild  be  hard;  they  are  therefore  tempered  -by 
keeping  the  lower  end  out  of'tlie  fire,  but  heatihg,  the.htst 
considerably,  till  the  point  attains  the  desired  colour,  wlieii  it 
18  instantly  cooled  in  the  usual  manner.  By  this  means,  the 
cutting  part  of  the  bit  liiay  be  tempered  to  u  straw  colour. 
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while  the  rest  is  not  higher  than  blue>  bo  Aat  its  Usbifity  to 
break  when  in  use,  is  greatly  diminished.  Wo  may  obsenre, 
in  passing,  that  this  mode  of  tempering  from  the  back  of  the 
tool,  so  as  to  have  the  edge  only  m  a  state  of  great  faardneaa 
18  observed  as  a  general  principle  in  the  art.     « 

The  application  of  a  ny  wheel  to  the  upper  part  of  the 
large  hand  drill,  would  be  a  considerable  improvement ;  niot 
merely  on  account  of  its  weight,  but  because  its  centiiiugal 
force  would  tend  greatly  to  keep  the  drill  exactly  vertical. 

In  drilling,  as  in  sawmg,  forged  iron  and  steel  require  oil, 
but  to  brass  and  cast  iron  none  must  be  used.  For  brass, 
also,  the  drill  bit  is  made  thinner,  harder,  and  the  cuttittjg 
edge  formed  by  a  more  acute  angle  than  for  iron. 

Tiling. 

In  the  working  of  metals,  there  is  no  operation  more  com- 
mon than  that  of  Jilii^,  and  perhaps  there  is  none  so  little 
understood.  A  file  is  an  instrument  too  familiar Uo  every 
one  to  require  description.  To  use  it  well,  generally  proves 
one  of  tl\g  most  difficult  tasks  which  the  practical  mechanic 
has  to  encounter,  and  this  difficulty  is  owing  more  to  the 
want  of  a  proper  plan  in  settine  about  the  work,  than  to  any 
other  cause.  Plane  surfaces,  for  instance,  for  the  plates  of 
air-pumps,  and  a  thousand  odier  purposes^  are  of  indispens- 
able use ;  but  a  knowledge  of  the  manner  in  which  they  may 
be  readily  and  completely  executed,  is  confined  to  veiy 
few ;  and  a  workman,  aware  of  the  exactness  required  firom 
him,  can  rarely  be  found  who  will  undertake  to  execute 
them.  Grinding  is  the  comthon  and  dernier  resort  of  thoi|e 
who  wish  to  produce,  on  such  occasions,  the  last  degree  of 
accuracy ;  but  two  surfaces  of  metal  may  be  ground  together 
for  ever  without  being  made  plane,  unless,  by  some  previous 
operation,  all  their  cross-winaings  are  completely  removed 
In  the  execution,  however,  of  this  previous  operation,  nearly 
the  whole  difficulty  of  the  business  lies.  In  what  must  it 
consist?  Grinding  has  a  tendency  to  perpetuate  any  regular 
convexity  or  concavity  which  either  surface  may  have,  and 
even  to  produce  one  or  other  of  these  forms  on  each  piece, 
although  both  were  plain  to  begin  with*  The  application  of 
turning  to  the  production  of  plane  surfaces,  (lor  whipK  see 
the  section  on  Turning,)  is  not  an  easy  undertaking,  ^ipA  re- 
quires SA  expensive  apparatus ;  and  often  the  mere  fixing 
(upon  the  ehuck)  the  metal  to  be  turned,  takes  aa  pnn^l^  tixne 
;as  oug^t  to  be  required  for  tiiie  completion  of  tn^  wPtf ;  We 
would  incite,  therefore,  the  ingenious  aitiat  tp  plMf  cOi^- 
dence  in  the  Jik^  with.  which«  we  hesitate  ^q(.  ^msucs^I^i^* 
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Jiat  more  beautiful  and  accurate  workmanship  may  be  exe- 
r.uted,  than  most  of  those  who  are»  in  other  respects^  vei^ 
respectable  mechanics^  are  either  apprised  of  or  disposed  to 
consider  possible.  In  this  line  of  exertion,  we  have  witnessed, 
with  admiration,  the  performances  of  Thomas  Jerome,  who 
now  holds  a  situation  m  the  Royal  Mint ;  which  has  enabled 
liini  to  introduce  into  the  coinage,  and  machinery  for  coining, 
several  valuable  improvements.  With  the  file  alone,  as  h^s 
cutting  and  polishing  tool,  he  has  not  only  produced  speci- 
mens of  workmanship  which  challenge  all  competition,  and 
the  severest  scrutiny,  but  effected  his  purpose  with  a  degree 
of  expedition,  and  consequent  economy,  of  which  no  other 
method  would  admit.  The  work  (the  appearance  of  which, 
though  remarkably  fine,  was  only  a  secondary  consideratioD^) 
req^uired  the  exact  parallelism  of  its  several  sides,  some  of 
which  presented  a  surface  of  not  less  than  fifty  or  sixty  square 
mches ;  and  in  his  hands  the  file  did  all  thiis,  in  such  a  man- 
ner as  to  set  at  defiance  the  elegant  art  of  turning,  ahd  to 
render  the  dirty  and  tedious  process  of  grinding  wholly  un- 
necessary. How  often,  in  provincial  towns  ^specially,  have 
embryo  inventions  been  kept  back,  for  the  want  of  workmen 
of  sufficient  skill  to  execute  the  proposed  contrivance  i  alid 
l)ow  often  would  inventors  themselves  carry  into  effect  their 
designs,  if  they  were  not  filled  with  the  apprehension  that  the 
acquirement  of  a  competent  share  of  matiual  deicterity  was 
too  difficult  a  task  to  be  attempted !  Those  who  have  had  the 
most  ample  opportunities  of  observation,  wUl  not  consider 
these  idle  surmises;  they  cannot  but  be  sensible,  that  the  in- 
ventions  which  become  publicly  known,  are  few  in  compari'- 
son  with  those  which  spring  up  in  the  minds  of  ingouious 
men,  and  perish  from  such  obstacles  as  have  been  just  stated, 
often,  perhaps,  with  the  hour  which  gave  them  birth.  What 
one  man  has  accomplished,  let  not  another  despair  of  accom- 
plishing also.  Superior  opportunities  of  expenence  are  often 
vanquished  by  superior  exertions ;  and  if  these  remarks  on 
the  excellence  attainable  in  an  art  of  the  first  importance  to 
the  practical  mechanic,  should  stimulate  one  person  to  the 
improvement  of  his  skill,  they  will  not  be  useless. 

The  practical  directions  belonging  to  this  subject  now  claim 
our  attention.  Here  the  general  principle,  upon  the  proper 
application  of  yrhich  success  depends,  may  in  the  first  plr.ce 
be  noticed ;  it  is  simply  this,  that  if  a  plane  surface,  alrea  ly 
known  to  be  true,  could  be  made  use^of  so  as  to  shew,  with 
perfect  facility  and  correctness,  the  errors  of  another  upoii 
which  the  artist  may  be  employed,  as  often  as  he  wishes  to 
ascertain  the  state  or  his  wonk,  afile,  or  any  ♦ool  bv  wliich  all 
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the  projections  may  be  removed  without  reducing  the  othei 
parts^  will  enable  him  at  length  to  bring  the  latter  surface  to 
an  exact  correspondence  witK  the  former.  Such  a  surface  is^ 
therefore,  indispensably  necessary  in  the  art  of  flat  filing;  and 
we  may  add  to  it  another  implement  of  almost  equal  utility 
though  very  little  used,  namely,  a  perfectly  straii* ht  steel  ruler, 
for  which  we  shall  adopt  the  technical  term,  by  calling  it  a 
ihraight  edge.  On  the  production  or  procuring  of  these  two 
things,  we  shall  speak  m  a  future  section;  at  present  we  shall 
suppose  them  to  be  obtained ;  then  an  assortmen  t  of  files  follows 
of  course,  as  also  a  vice,  or  some  other  method  of  steadily  sup- 
porting the  metal  upon  which  the  file  is  intenclcd  to  operate. 

Files  are  differently  formed,  and  of  various  sizes  for  different 
purposes,  their  sections  being  either  square,  oblong,  triangular, 
or  segmental;  the  files  of  these  sections  are  respectively  deno- 
minated square,  flat,  three  square,  or  half  rounJ.  That  sort  of 
file  called  the  safe^tdge,  (on  account  of  its  not  being  cut  on  one 
edge,)  which  is  flat  on  both  sides,  and  of  equal  or  nearly  equal 
breadth  in  every  part,  is  the  best  for  every  purpose  to  which 
its  form  admits  of  its  being  applied,  and  is  particularly  to  be 
recommended  for  flat  filing. 

In  chusing  files,  some  degree  of  attention  is  requisite,  and 
will  save  much  subsequent  trouble;  a  file,  the  surface  of  which 
is  twisted  in  various  directions,  (a  circumstance  which  often 
happens  in  hardening,)  will  constantly  deceive  the  workman,  as 
it  willproduce  nothing  but  false  strokes.  They  must,  therefore, 
be  chosen  free  from  such  imperfection,  but  a  small  degree  of 
regular  convexity  is  not  detrimental.  The  goodness  of  afile» 
so  far  as  its  shape  is  concerned,  may  be  readily  determined 
by  the  eye. 

It  is  perhaps  too  obvious  to  require  remark,  that  the  scratches 
made  by  a  file  will  be  proportionate  to  the  size  of  its  teeth ;  and 
that  the  larger  these  are,  the  greater  will  be  the  efl'ect  which  an 
adequate  force  will  produce  at  one  stroke  :  hence  the  very  evi- 
dent propriety  of  commencing  the  work  with  the  coarsest  file 
intended  to  be  used;  and  afterwards,  in  re«^ular  gradation,  em- 
ploying finer  and  finer  ones,  as  it  approaches  to  the  finished 
state. — Files  may  be  obtained,  the  teeth  of  which  are  so  ex- 
tremely fine,  that  they  will  leave  the  surface  of  metal,  especi- 
ally if  it  be  brass,  almost  as  smooth  as  an  oil  stone.  These 
are,  however,  seldom  necessary ;  and  for  mo|t  purposes,  fik 
of  three  or  four  degrees  of  fineness,  are  quite  sufficient. 

As  most  of  the  articles  of  manufacture,  to  which  the  file 
can  be  applied,  are  composed  of  flat  surfaces ;  as  he  who  cap 
file  a  flat  surface  well,  will  find  no  difficulty  in  executing  whal^ 
€ver  the  file  will  enable  him  to  do;  we  shall  detail  the  progrest 
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of  a  block  of  metal  taken  rou^h  from  the  foundery^  till  it  is 
brought  to  a  finished  state ;  and  supposing  a  rectangular  figure 
to  be  aimed  at,  its  surfaces  will  then  be  truly  flat,  and,  accord- 
ing to  their  situation,  either  exactly  parallel,  or  exactly  at 
right  angles  to  each  other.  As  somewnat  greater  difficulties 
occur  in  filing  iron  than  brass,  and  as  cast  iron  is  not  so  easy 
to  manage  as  the  other  descriptions  of  the  same  metal,  we 
shall  suppose  it  to  be  a  block  of  cast  iron.  Merely  for  the 
sake  of  having  definite  ideas  of  our  subject,  as  we  go  along, 
let  us  suppose  it  to  be  nine  inches  in  length,  seven  in  breadth, 
and  one  in  thickness.  On  receiving  it,  the  first  step  is,  to 
examine  the  state  of  the  metal,  whether  it  be  hard  or  soft, 
warped  or  tolerably  straight,  perfectly  solid,  or  interspersed 
with  cavities.  If  it  prove  very  hard,  which  may  be  known  by 
trying  it  with  a  file,  it  will  be  advisable  to  anneal  it;  which 
will  greatly  t'acilitate  our  work ;  but  the  outside  will  still  be 
somewhat  harder  than  the  internal  part,  owing  principally  to 
some  of  the  sand  of  the  mould  closely  adhering  to  it;  this  out- 
side, or  rind,  some  workmen  remove  by  chippiilg,  in  the  man- 
ner already  spoken  of;  others,  wlio  have  the  convenience^  take 
it  oif  with  a  Ikrge  grindstone  turned  by  machinery ;  and  others* 
•gain,  use  the  Ble  immediately,  taking  the  precaution  only  of 
using,  in  the  first  instance,  a  file  that  is  already  rather  worn, 
as  a  new  one  would  quickly  be  spoiled.  Chipping  is  upon 
the  whole  the  most  economical  and  convenient  process,  and 
when,  for  the  removal  of  imperfections,  or  any  otner  purpose. 
it  is  requisite  to  reduce  the  block  materially,  it  is  decisively  to 
be  preferre<l.  if,  after  the  outside  has  been  removed,  there 
appear  any  cavities  or  other  imperfections,  which  are  not 
likely  to  be  removed  by  the  file,  and  which  will  unfit  the 

Eiece  for  its  destination,  they  may  be  drilled  out,  and  the 
oles  made  by  the  drill  filled  with  rivets.  Small  imperfec- 
tions may  be  removed  by  drillin«jc  to  tlie  deptii  of  about 
half  an  inch,  and  then  drivin*:;'  in  a  plug  made  of  wire, 
which  may  be  fitted  sufficiently  tight  to  bear  any  degree 
of  hardship,  and  sufliciently  correct  to  avoid  the  slightest 
appearance  of  a  flaw,  wiUiout  the  trouble,  as  in  rivet- 
ing, of  making  the  top  of  the  hole  wider  than  the  rest. 
With  a  view,  however,  to  complete  security,  some  tap  the 
hole  they  have  drilled,  and  then  screw  m  a  pin  which 
exactly  fits  it;  but  when  this  is  done,  and  the  screw  has 
a  fine  thread,  in  filing  the  surface  level,  that  part  of  the 
thread  which  is  nearest  to  the  surface  is  apt  to  break  off, 
to  the  extent  of  a  semicircle,  and  thus  leave  the  work  im- 
perfect ;  whereas,  when  the  plug  or  the  rivet  is  well  fitted 

in,  the  pls^ce  cannot  afterwards  be  distinguished .  from  the 
o_.Vof    I  E  • 
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Other  parts  of  the  block,  by  any  other  circumstance  than  t^e 
superior  brightness  of  the  malleable  iron. 

As  the  holes  in  a  piece  of  cast  iron,  which  are  occasioned 
cither  by  stagnated  air,  or  the  falling  in  of  part  of  the  mould, 
have  mostly  not  only  very  rough  surfaces,  but  are  wider  inter- 
nally than  at  the  outside,  they  may  be  filled  with  melted  lead, 
pewter,  or  some  other  soft  metal,  which  they  will  retain :  type- 
?netal  ^^ill  answer  extremely  well,  as,  from  the  antimony  it 
^  ontains,  it  expands  in  passing  from  the  fluid  to  the  solid  state. 
riiis  mode  is  applicable  when  levelness  of  surface  is  the  prin- 
cipal object  in  view,  and  it  is  not  necessary  to  regard  the  uni- 
formity of  its  appearance,  the  equal  hardness  of  its  several  parts, 
or  its  being  able  to  bear  a  strong  heat.  If  we  were  speakm^  of 
a  piece  of  metal,  eventually  to  be  subjected  to  considerable 
stress,  we  might  here  observe,  that  thus  to  fill  up  the  hollows 
it  contains,  will  greatly  increase  its  capability  of  resistance. 

Let  us  now  suppose  that  the  block  we  have  in  hand,  is  com- 
pletely freed  from  its  hard  black  scurf,  and,  as  far  as  may  be 
thought  necessary,  from  every  imperfection  which  the  subse- 
quent operations  with  the  file  are  mcapable  of  removing.  We 
now  select  the  file  we  intend  to  use  first,  and  in  doing  this  we 
pitch  upon  a  safe^dge  one,  about  fourteen  inches  long,  an  inch 
and  a  half  broad,  and  containing  about  fourteen  rows  of  teeth 
in  each  inch  of  its  length.  In  the  act  of  filing,  the  file  is  held 
by  the  handle,  and  pushed  forward  by  the  right  hand ;  while 
the  left  hand,  near  the  wrist,  pressing  upon  its  lower  end, 
gives  effect  to  the  stroke,  whicn  must  be  directed  as  nearly 
horizontal  as  possible.  By  the  occasional  application  of  the 
straight-edge  to  the  surface  we  are  filing,  in  various  directions, 
but  in  particular,  diagonally,  we  easily  ascertain  the  state  of 
our  work,  and  remove  in  succession  ^e  elevated  parts.  The 
inequalities  at  length  become  so  small,  that  it  would  be  tedious 
to  a])ply  the  straight-edge  to  discover  them ;  but  being  pro- 
vided with  a  surface  which  we  know  to  be  true,  (and  which  we 
shall  designate  by  calling  it  a  table,  as  it  ought  always  to  be 
larger  than  the  work  we  are  filing,  and  for  general  purposes, 
may  with  much  advantage  contain  several  square  feet,)  we  now 
make  use  of  it,  for  the  detection  of  the  remaining  imperfec- 
tions, in  the  following  manner:  we  mix  finely  washed  red  chalk 
or  ochre,  with  olive  or  any  other  oil  which  is  not  viscid,  and 
vre  rub  this  mixture  upon  it  with  a  piece  of  cloth,  so  as  to  cover 
the  whole  of  it  very  tninly  and  evenly.  If  the  surface  we  are 
•  filing  be  then  turned  down  upon  it,  and  moved  a  few  times 
backwards  and  forwards,  it  will  be  every-where  equally  co- 
v^ed  with  ochre  from  the  table,  provided  it  be  equally  level. 
But  as  this  will  never  happen  at  the  first  trial,  those  parts 
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«b'hich  are  highest  will  alone  be  reddened,  and  they  must  be 
reduced  by  the  re-application  of  the  file.  As  soon  as  the  marks  * 
left  by.  the  ochre  hare  disappeared,  and  we  think  we  have  re- 
moved the  inequalities  thev  pointed  out,  we  again  try  the  state 
^)t'  our  work  as  before,  and  continue  to  repeat  the  same-pro- 
c :*Ns  till  it  is  finished.  When  it  approaches  nearly  to  a  perfect 
{lane,  the  ochre  will  redden  a  great  number  of  places  in  small 
>j)ots  or  strips,  and  then  we  not  only,  agreeably  to  the  remark 
.iii\;iidy  made,  use  a  fine  file,  but  hold  it  rather  differently.  In- 
stead of  pressing  it  down,  as  when  we  began,  with  the  broad 
purt  of  the  hand,  we  now  merely  press  upon  it  with  two  or 
three  of  our  fingers,  by  which  means  we  are  enabled  to  observe 
more  distinctly  the  spot  upon  which  we  bear,  and  to  move 
with  more  expedition  from  one  part  to  another. 

Before  we  begin  to  finish  our  work  with  much  nicety,  we 
carefully  attend  to  ono  thing :  turning  that  side  of  the  block 
we  have  been  filing  down  upon  the  table,  we  strike  the  back 
of  it,  at  the  corners,  centre,  and  various  other  parts  at  pleasure, 
with  a  mallet,  or  the  end  of  the  handle  of  a  hammer  neld  per- 
pendicularly.    If  a  dead  sound,  such  as  would  be  beardf  on 
striking  the  table  itself  in  a  similar  manner,  be  produced,  we 
feel  gratified  by  the  assurance  thus  afibrded,  that  we'  have 
none  of  those  twistings  of  the  surface  which  are  technically 
termed  cross^windings,  to  remove ;  but  if  a  shtirp  chinking  sourtd 
be  produced,  it  is  evident  that  the  surfaces  of  the  tuble  and 
the  block  do  not  coincide,  for  the  blow  of  the^  hammer  ha^ 
pressed  one  part  of  the  block  lower  down  than  it  was  before, 
and  raised  another  part;  and  to  the  action  of  the  surfiices 
upon  each  other  thus  occasioned,  the  ringing  sound  is  attri- 
butable.    If  the  corner  of  the  block,  to  the  extent  of  a  squ;ii  i 
inch,  or  even  much  less,  be  lower  than  the  remainder  of  rh.- 
surface,  in  no  greater  degree  than  the  common  thickness  of  :i 
^hr  <  t  of  writing  paper,  tnis  mode  of  trial  will  make  the  impir- 
t. cTJon  very  distinctly  perceptible.     If,  therefore,  the  blc/ck 
\ull  hot  stand  the  test  of  this  examination,  we  immedinttly 
proceed,  by  the  use  of  the  ochre,  to  detect  the  extent  of  iiw 
elevated  parts ;  and  in  moving  the  block  upon  the  table  for 
this  purpose,  we  are  carefhl  to  press  only  on  those  parts  under 
which  we  know,  by  our  previous  trial  with  the  hammer,  they 
are  comprised.    leaving  obtained  the  ma:rk8  we  desire,  we  file 
away,  to  the  best  of  oar  jifdgment,  the  convexities  they  indi- 
cate, and  repeat  the  experiment  and  filing,  till  the  block  will 
lie  perfectly  solid  upon  the  table.    This  object,  so  essential 
to  good  work,  being  obtained,  and  it  ought  always  to  he  ob- 
tained as  early  as  possible  in  our  progress,  we  shall  approacli 
with  surer  ^teps,  to  thesuccessful  accomplishment  of  our  tusk. 
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The  practitioner,  however,  will  soon  discover,  that  although 
the  test  by  the  hammer  answers  an  imnortant  purpose,  in  prov 
ing  the  existence  or  non-existence  ot  cross-windings,  yet  itr 
application  extends  but  little  further ;  the  depressiok  of  any 
particular  part,  before  it  can  point  it  out,  must  not  only  exteno 
to  the  edge  of  the  block,  but  must  embrace  a  small  portion  al 
least  of  two  sides.    Without,  therefore,  expecting  from  it  wha' 
it  cannot  afford  us,  we  use  it  merely  as  a  collateral  h^lo :  th# 
use  of  the  ochre  simply  is  our  universal  test ;  but  if  we  wisl^ 
to  know  the  measure  of  any  particular  imperfection,  w«  resor* 
to  a  good  straight*edge,  the  application  of  the  arris  of  which 
to  any  part  we  chuse  to  try,  gives  us,  with  the  utmost  preci 
ftion,  the  information  we  are  seeking.     If  the  surface  tried  b^ 
perfectly  true,  no  light  will  pass  between  it  and  the  straight 
edge;  but  if  any  hollow  be  present,  the  breadth  and  depth  oi 
the  line  of  light  which  appears,  betrays  its  extent.— ^J.rri5  is 
a  common  term  in  the  arts,  applied  to  signify  the  line  of  con 

ourse  01  meeting  of  two  surfaces. 
Let  us  now  suppose  that  one  surface  of  the  block  will  bear 
examining  in  the  different  ways  above  mentioned;  it  will  then 
coincide  with  the  table  so  exactly,  that  when  laid  upon  it,  the 
finest  hair  could  not  be  drawn  out,  or  even  moved,  at  whatever 
part  between  the  two  planes  a  portion  of  it  were  placed.  Not- 
withstanding this,  the  surface,  though  very  smooth,  has  not 
been  nicely  polished ;  the  polishing  we  leave,  if  not  to  the 
last,  at  least  till  the  opposite  side,  to  which  we  now  proceed, 
is  equally  advanced.  Here  we  have  an  additional  object  to 
attend  to ;  we  have  not  only  to  make  the  second  side  as  level 
as  the  first,  but  also  to  msike  it  parallel  with  it  at  the.  same 
time.  The  flatness  is  obtained  by  a  repetition  of  the  means 
adopted  to  bring  the  first  surface  to  that  state,  and  the  pa- 
rallelism of  the  two  sides  is  a  necessary  consequence  of  mak- 
ing the  block  every-where  equally  thick.  Having,  therefore, 
set  a  pair  of  callipers  to  the  thickness  intended,  or  adopted 
some  other  equivalent  mode  of  measurement,  we  frequently 

xamine  it  with  respect  to  this  particular.  Callipers,  in  ex- 
perienced hands,  may  be  made  to  answer  for  this  purpose 
very  well,  but  they  are  apt  to  mislead  the  unwary,  as  they 
afford  different  indications  with  slight  differences  in  the  man- 
ner of  holding  them.  In  using  them,  therefore,  we  always 
hold  the  centre  of  the  head  in  suoh  a  manner  that  a  line  pass 
ing  through  it,  ajid  exactly  midway  between  the  points,  shall 
be  parallel  with  the  surfaces  they  inclose.  Callipers  are  often 
superseded  by  what  is  called  a  gauge,  which  is  nothing  more 
than  a  piece  of  sheet  iron,  steel,  or  brass,  cut  in  the  manner 
shown  by  fig.  8.  pL  III.  so  that  the  distance  between  the 
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lees  A  B«  which  ought  to  be  exactl}r  parallel  with  each  other, 
wul  exactly  UJce  in  the  proposed  thickness  of  the  block.  It 
is  much  easier  to  file  correctly  with  the  assistance  of  a  gauge 
than  a  pair  of  callipers ;  and  as  the  width  of  the  former  always 
remains  the  same^  we  have  an  additional  reason  for  preferring 
it,  when  it  is  probable  we  shall  often  have  occasion  to  measure 
like  dimensions;  callipers,  even  if  we  wish  to  keep  them  to  one 
extent,  beine  easily  deranged  by  a  fall  or  other  common  acci- 
dent, and  the  frequent  resetting  of  them  frittering  away 
our  time. 

Those  who  wish  to  avail  themselves  of  the  utmost  refinement 
of  artificial  help,  will  not  be  displeased  by  the  mention  of 
anether  expedient  belonging  to  this  subject.  Two  gauges  may 
be  made,  one  of  them  of  the  true  width,  and  the  other  a  very 
little  wid^r ;  the  block  may  then  be  filed  down  to  the  latter 
with  rather  a  coarse  file,  and  afterwards  to  the  former  with  a 
fine  one.  Those  who  think  fit  to  take  this  pains,  can  scarcely 
fail  to  succeed  to  their  wish.  Another  hint  deserves  a  place : 
we  are  attentive  to  make  the  block  fit  the  gauge  tightly ;  for 
of  the  degree  of  tightness  we  can  correctly  judge;  but  if  we 
make  them  slack  to  each  other,  we  can  hardly  detehniiie  the 
des;ree  of  that  slackness  with  even  tolerable  accuracy. 

When  we  discontinued  filing  the  first  side,  we  have  remark- 
ed, that  we  left  it  unfinished  or  unpolished.  The  reason  for 
this  requires  explanation;  labour  oestowed  in  polishing,  at 
the  time  alluded  to,  would  have  been  thrown  away.  The 
heat  produced  by  the  strokes  of  a  lar^e  coarse  file,  expand^f 
the.  surface  upon  which  they  act,  renders  it  convex,  and  the 
opposite  one  necessarily  concave.  These  effects  remain  in 
part,  after  the  equilibrium  of  temperature  is  restored.  While 
we  are  employed  upon  the  first  side,  they  are  overlooked, 
but  when,  after  havmg  nearly  finished  the  second  side,  we 
find  upon  trial  with  the  ochre,  that  the  other  no  longer  af- 
fords the  same  indications  of  correctness  which  it  did  Jiefore. 
we  are  convinced  of  the  propriety  of  having  postponed  the 
finishing  of  it.  In  a  block  eight  or  ten  inches  long,  the  error 
seldom  exceeds  the  five-hundredth  part  of  an  inch,  and  there- 
fope  not  having  begun  to  polish  when  it  occurs,  we  can  use  a 
file,  by  which  it  wul  quickly  be  removed. 

Having  now  so  far  accomplished  our  purpose  as  to  have 
rendered  the  two  principal  surfaces  of  our  block  correctly 
plane  and  parallel  with  each  other,  we  immediately  direct  our 
attention  to  the  four  which  yet  remain  in  the  rough  state ; 
these,  for  the  sake  of  distinction,  we  may  call  the  ed^es.  We 
begin  upon  one  of  the  two  longest  of  them,  and  file  it  true,  in 
the  same  manner  as  we  did  in  the  first  example,  except  tha^ 
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we  make  use  of  a  square,  applied  alternately  from  the  two 
sides  already  filed,  in  order  to  assist  us  in  keeping  it  exactly 
at  right  angles  with  them.  As  soon  as  this  edge  is  true,  we 
make  the  opposite  one  parallel  with  it  by  a  suitable  gauge, 
checking  the  chance  of  error  by  applying  the  square,  which 
can  quickly  be  run  alone  the  whole  lengui  of  the  edge ;  and 
ascertaining,  as  usual,  the  general  flatness  of  the  whole  sur- 
face, by  the  use  of  the  ochre  and  table.  As  soon  as  two 
of  the  edges  hav«  been  made  true,  the  remaining  two  are 
brought  to  the  same  state,  by  a  repetition  of  exactly  the  same 
means. 

If  we  are  provided  with  a  rectangular  bar  of  iron,  or  anj 
hard  metal,  the  sides  of  which  are  very  smooth,  and  exactly 
perpendicular  when  it  is  placed  upon  the  table,  we  may  make 
use  of  it,  in  the  filing  of  these  edges,  as  follows :  cover  one 
side  with  the  ochre  and  oil,  place  upon  the  table  either  of 
the  sides  at  right  angles  with  the  one  thus  coated,  opposite 
which  place  £at  e&e  of  the  block  which  is  to  be  tried ; 
press  the  block  and  the  bar  down  upon  the  table  and  against 
each  other  at  the  same  time,  moving  one  of  them  while  they 
are  in  contact,  backwards  and  forwards  two  or  three  times. 
By  the  marks  left  upon  the  block,  we  detect  at  once  all  its 
deficiencies.  This  mode  of  trial  would  also  completely  suc- 
ceed in  other  cases ;  for  example,  if  we  had  to  file  the  mside 
of  a  frame  such  as  printers  use  to  fasten  their  types  in,  to 
which  no  other  method  would  be  so  advantageously  appli- 
cable. 

We  pass  one  of  our  smoothest  files  along  the  arris  of  the 
two  surfaces  upon  which  we  are  going  to  apply  the  square,  ir 
order  to  take  oS  that  extreme  sharpness,  and  those  overhang* 
ing  particles  of  iron,  produced  by  filing,  and  which  wouU) 
prevent  that  instrument  from  afiording  a  correct  indicatiou  ot 
the  angle  examined. 

As  our  block  is  too  broad  to  be  held  between  the  chaps  ot 
the  vice,  we  placed  it,  before  we  began  to  file  the  principal 
surface,  upon  a  piece  of  stout  board,  in'breadth  about  an  inch 
each  way  larger  than  itself.  Close  to  the  edge  of  the  block, 
we  drove  a  strong  nail  here  and  there  into  the  board,  so  as  «to 
prevent  its  horizontal  motion,  but  not  its  being  lifted  up  and 
taken  ofi*  perpendicularly.  By  a  square  piece  of  wood,  about 
two  inches  broad,  being  firmly  screwed  to  the  under  side  of 
the  board,  and  ikstenea  in  the  vice,  a  steady  and  convenient 
supnort  is  obtained  for  our  work.  But  as  soon  as  the  filing 
3f  tne  edges  was  commenced,  this  board  was  discarded,  and 
the  vice  alone,  its  teeth  only  being  covered  with  lead,  was 
used  to  hold  the  block. 
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Experienced  plane-makers  and  others,  who  use  files  to 
smooth  their  wood-work,  select  those,  the  teelh  of  which  are 
Dot  jagged  by  cross  cutting,  and  we  find  that  upou  iron, 
of  thiii  sort  answer  better  for  polishing  than  any  other.  We 
accordiugly  use  them  of  such  a  degree  of  fineness  as  will  effect 
our  purpose,  if  that  can  be  effected  by  a  file :  the  last  degree  of 
GmoothnesB  can  only  be  obtained  by  grinding.  We  always 
take  care,  when  nsing  a  fine  file,  to  spread  the  ochre  so  thin 
a«  hardly  to  colour  liie  table,  otherwise  we  should  presently 
choke  up  its  teeth,  and  not  finish  our  work  with  so  much  ex- 
actness. Ochre  is  too  soft  a  material  to  injure  a  file,  and  when 
it  does  choke  up  the  teeth,  it  may  be  removed  with  a  brush. 

We  have  now  detailed  the  means  by  which  a  rectangular 
prism  of  cast  iron,  possessing  a  remarkable  degree  of  correct- 
ness of  figure,  may  be  produced.  On  the  uses  for  which  such 
a  block  may  be  required,  on  the  application  of  the  general  ptaa 
to  other  sorts  of  work,  and  on  the  importance  and  multiplied 
advantages  of  correct  filing  in  general,  we  presume  it  is  un- 
necessary for  us  to  enlarge.  It  there  be  those  who  are  more 
attentive  to  authority  than  reason,  and  who  inquire  by  whom 
a  process  is  used,  rather  than  what  is  its  merit,  we  assure 
them  that  the  method  of  filing  here  pointed  out,  is  adopts  in 
the  far-famed  manufactory  of  Bolton  and  Watt,  at  the  Soho 
near  Birmingham. 

Workmen  who  have  various  sorts  of  metal  to  work,  have  an 
economical  mode  of  management  in  the  use  of  ti\tri,  which 
deserves  to  be  noted.  They  use  all  their  new  files  to  brau 
in  tlie  first  instance ;  when  the  original  keenness  of  the  teeth 
has  been  diminished  by  this  metal,  they  lay  them  aside,  to  be 
ready  for  filing  cast  iron  ;  and  when  they  cease  to  be  sharp 
enough  for  cast  iron,  they  use  them  to  malleable  iron,  for 
which  they  will  serve  tolerably  well  awhile  longer.  Let  this 
order  be  reversed;  let  a  new  file  be  used  first  to  malleable 
iron,  then  to  cast  iron,  and  lastly  to  brass,  it  will  hardly  do 
more  than  half  the  service ;  the  teeth  strike  into  the  malleable 
iron,  and  the  best  portion  of  them  is  broken  off;  the  file  is 
then  of  little  value  for  cast  iron ;  and  glides  over  brass,  w  hich 
requires  a  keen  edge,  almost  without  effect,  unless  ser'tnded 
by  a  great  exertion  of  strength. 

The  last  uses  of  a  file  may  be  to  smooth  wood  or  metal  re- 
volving in  the  lathe ;  some  keep  tliera  for  a  short  time  red  hot 
m  the  open  fire,  and  then  retemper  them  before  they  use  them 
in  this  way;  the  scale  which  they  cast  leaving  them  somewhat 
sharrier  than  they  were  previously :  others  make  such  of  their 
old  tiles  as  have  stood  well  into  screw-plates  and  chisels,  on 
the  presumption  that  they  canuot  have  better  stpvl. 


32  '     MECHANICAL  £X£aCI8£0. 


General  remarlu. — ^Method  ofgriadng  a  true  plane. 


Grinding. 

We  restrict  the  signification  of  this  term  to  the  abrading  of 
metals  and  other  substances,  by  rubbing  them  against  each 
other.  '  In  general,  some  hard  body,  such  as  emery,  in  a  pul- 
verulent state,  and  mixed  with  water,  oil,  8cc.  is  interposed 
between  the  pieces  ground  together ;  but  when  one  or  both  of 
them,  as  in  tne  example  of  grit-stone,  is  composed  of  particles 
which  will  cut,  and  motion  alone  separate,  the  powder,  and 
even  the  fluid,  are  often  dispensed  with.  When  grinding  i« 
only  employed  to  produce  a  smooth  shining  surface,  it  is 
called  polishing,     • 

An  observation  or  two  has  already  been  thrown  out  on  the 
subject  of  grinding ;  but  this  method  of  working  metals,  re- 
quires a  little  furuier  elucidation.  If  the  artist  be  not  fully 
aware  of  the  general  principle  upon  which  he  must  proceed,, 
and  of  what  grinding  will  really  enable  him  to  do,  he  will 
often  incur  considerable  expense  and  disappointment. 

In  grinding  two.  surfaces  together,  the  usual  sources  of  error 
are,  that  the  cutting  powder  is  unequally  spread  between  them, 
that  they  are  not  every  where  equally  hard,  and  that  some 
parts  receive  a  greater  number  of  strokes  than  others. 

Suppose  we  have  two  similai  blocks  of  iron,  and  vfish  to 
make  one  of  them,  at  least,  perfectly  flat,  from  which  state,  as 
far  as  the  eye  can  judge,  let  it  be  granted  that  they  are 
already  not  very  remote.  Let  us  grind  them  together  with 
emery.  Having  done  this  for  some  time,  they  assume  a  very 
smooth  appearance;  but  we  find,  upon  examining  them,  that 
we  have  not  attained  our  object — they  are  not  plane.  If  we 
have  been  grinding  long  enough,  we  shall  generally  find, 
that  one  of  them  is  pretty  regularly  concave,  and  the  othei 
correspondently  convex ;  and  we  may  be  assured  that,  with- 
out some  further  device,  no  variety  of  riBctilinear,  circular,  or 
elliptical  strokes,  will  ever  bring  either  of  them  to  the  state 
we  desire.  But  suppose  we  are  provided  with  a  third 
block  of  a  similar  size,  and  concave  in  about  the  same 
degree  as  one  of  the  two  in  question ;  if  we  grind  these  two 
concave  surfaces  together^  tney  will  mutually  correct  the 
defects  of  e&ch  other.  Here  then  we  are  furnished  with  the 
key  to  success  ?n  this  art: — ^to  grind  one  surface  perfectly 
flat,  it  is  indispensably  necessary  to  grind  three  at  the  same 
time.  In  practice,  we  do  not  ascertain  the  state  of  each  sur- 
face by  experiment,  with  the  view  of  bringing  similar  defects 
together,  (a«  just  stated  in  order  to  render  the  explanation 
more  evident,)  but  proceod  by  grinding  them  interchangeably, 
often  reversing  their  position,  pressing  upon  every  part  with 
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an  equal  weight,  spreading  the  emery,  or  whatever  may  be  used 
as  the  cutting  powder,  as  evenly  as  possible,  sometimes  mov- 
ing diagonally  and  sometimes  from  side  to  side,  with  an  in- 
termixture of  rectilinear,  circular,  and  elliptical  strokes.  To 
execute  good  work  in  this  art,  so  far  at  least  as  plane  surfaces 
are  concerned,  manual  labour  can  alone  be  depended  upon. 
Though  glass  is  much  more  easily  iground  true  than  most  of 
the  metals,  yet  the  plate  glass,  which  is  ground  bv  machinery, 
is  perhaps  never  so  perfect  as  it  might  be  made  by  the  hand, 
and  sometimes  parts  of  looking-glasses  called  plane,  are  de- 
monstrably possessed  of  the  properties  of  concave  or  convex 
mirrors. 

^  Emery  is  the  substance  most  commonly  employed  as  the  cut- 
ting powder  in  the  grinding  of  metals.  The  artist  should  be 
provided  with  it  of  various  degrees  of  fineness  to  be  used  in 
succession ;  and  as  it  is  necessary  that  the  finest  sort  should 
be  entirely  free  from  the  admixture  of  coarse  grains,  it  is  ad- 
visable, on  this  account,  to  keep  it  at  a  distance  from  the 
other  kinds.  It  is  the  practice  of  some,  not  to  polish  in  the 
same  room,  or  even  in  the  same  clothes,  they  used  for  the 
rougher  part  of  their  operations.  As  soon  as  the  emery 
thrown  upon  the  work,  is  found  to  have  little  or  no  efiect^ 
being  converted  into  mud,  it  must  be  entirely  washed  away, 
and  the  supply  renewed.  When  iron  or  brass  have  been 
ground  with  emery,  it  is  difficult  to  file  them ;  the  file  wears 
very  fast,  and  produces  but  a  slight  efiect,  till  the  emery  whioh 
has  entered  into  the  pores  of  the  metal  is  removed. 

Water,  having  the  strong  recommendation  of  cheapness,  is 
the  Ouid  most  commonly  used  in  grinding ;  but  with  oil,  metals 
are  cut  more  evenly,  expeditiously,  ana  fewer  scratches  are 
produced.    It  is  therefore  most  used  to  finish  and  polish  with. 

The  softer  the   three  bodies   intended  to  be  ground,  the 

{greater  may  be  their  inequalities  at  th.^  commencement  of  this 
abour,  with  an  equal  cbaace  of  making  them  perfect  in  the 
end.  Silioious  subatances,  such  as  emery  and  sand,  take 
such  powerful  hold  upon  calcareous  fossils,  to  which  class  of 
substances  belong  almost  all  the  hardest  stooes  in  common 
iis#«  that  they  m^y  be  ground,  from  rather  a  rough  state,  till 
they  become  very  true.  The  stone  and  marble  masons  care 
DoUiiv  about  taat  high  degree  of  accuracy  which  is  here 
cootenaed  for;  but  if  any  one  who  may  be  disposed  to  follow 
tiie  4iyeotions  given  ia  the  last  section  for  filing,  be  supplied 
br  <Mie  of  these  artisis  with  three  slabs  of  marble,  or  some 
Gioee-graiiied  homogeneous  stone,  made  true  in  their  best 
■Mmner,  he  may  afterwards,  with  proner  care,  finish  them,  ac- 
cotding  to  the  prinoiple  here  laid  aown,  so  as  to  possess  a 
.    2.— VoL  I.  F 
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table,  with  which  he  will  t>robably  have  little  reason  to  be 
dissatisfied.  This  must  be  understood  to  be  the  resort,  when 
it  is  impossible  or  inconvenient  to  procure  an  iron  table,  which 
is  always  to  be  preferred,  and  may  in  fact  be  manufactured 
with  ease,  especially  if  no  extraordinary  size  is  required,  by 
the  help  of  one  of  stone,  obtained  as  above  recited. 

The  metals  are  of  a  much  more  unyielding  nature  than 
stone ;  and  when  they  are  the  subjects  of  our  labour,  a  different 
line  of  policy  must  be  pursued.  The  grinding  of  them  should 
always  be  comparatively  a  short  operation,  in  the  removal  of 
considerable  inequalities,  the  file  will  often  do  more  in  a  quarter 
of  an  hour,  than  grinding  in  a  whole  day;  but  when  the  imper- 
fections extended  over  a  surface  become  exceedingly  numerous 
and  minute,  such,  in  short,  as  a  file  or  any  tool  which  acts  only 
on  a  small  spot  at  once,  is  necessarily  aisposed  to  leave,  and 
which  scarcely  at  all  effect  the  general  level  of  the  whole,  the 
case  is  reversed,  and  the  file  wiU  not  produce  so  finished  an 
effect  in  a  day,  as  grinding  in  a  quarter  of  an  hour.  If  any 
one  of  three  plates  or  slabs,  which  have  been  ground  together, 
will  adhere  so  closely  to  either  of  the  other  two,  as  to  exclude 
the  atmosphere  from  the  surfaces  in  contact,  and  allow  both 
to  be  lifted  up  by  taking  hold  of  one  of  them,  a  strong  pre- 
sumption is  afforded  that  all  of  them  are  true. 

The  common  grindstone,  upon  which  tools  are  sharpened, 
requires  no  descnption;  yet  it  may  be  useful  to  observe,  that  it 
will  be  much  easier  to  grind  plane-irons,  chisels.  Sec.  upon  it,  if 
the  circumference  in  me  direction  of  the  axis  be  kept  a  liitle 
convex.  When  these  and  similar  tools  are  ground,  the  stone 
should  also  turn  towards  the  person  holding  them,  so  as  to  run 
against  their  edge.  Grindstones  are  often  turned  by  machinery. 
When  the  velocity  is  very  great,  they  do  not  cut  well,  and  will 
also  sometimes  break,  a  circumstance  which  has  occasioned  the 
most  serious  accidents.  It  was  formerly  the  invariable  practice 
to  hang  them  on  an  axis  passing  through  a  piece  of  wood 
which  occupied  a  square  hole  cut  through  the  centre  of  them; 
when  this  wood  became  wet,  the  swelling^f  it  powerfully  se 
conded  the  tendency  of  rapid  motion  to  break  them.  The  prac- 
tice of  sec\iring  them  by  a  circular  plate  screwed  firmly  against 
each  side,  was  Uierefore  adopted,  and  is  becoming  more  general. 
The  stones  upon  which  cutlery  13  ground,  are  carried  at  the 
rate  of  about  six  hundred  feet  per  second.  At  Wickersley, 
near  Sheffield,  stones  are  obtained  which  heat  so  little  that 
they  admit  of  being  used  dry.  When  clogsed,  they  are 
cleared  with  a  bar  of  soft  iron.  This  process  of  dry  grinding 
is  of  the  most  destructive  nature  to  Uie  men  employed ;  the 
sharp  particles  of  iron  constantly  flying  about,  find  their 
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way  to  the  lungs,  and  ultimately  produce  incurable  com 
plaints. 

In  the  manufacture  of  cutlery,  the  use  of  the  stone  is  fol- 
lowed by  that  of  the  lajf  or  glazor.  This  is  formed  of  a  num- 
ber of  pieces  of  wood,  in  such  a  manner  that  the  edge  or  face 
may  always  present  the  end-way  of  the  wood,  or  it  would 
change  its  figure.  Some  glazors  are  covered  with  strong 
leather,  others  with  an  alloy  of  lead  and  tin.  After  the  face 
of  them  is  turned  to  the  proper  form  and  size,  it  is  covered 
with  rakes  or  notches,  which  are  filled  up  with  emery  and  tal- 
low. The  glazor  is  carried  at  the  rate  of  fifteen  hundred  feet 
per  second. 

The  polisher,  in  the  same  branch  of  art,  is  a  circular  piece  of 
wood,  running  upon  an  axis  like  the  stone  and  glazor.  It  is 
covered  with  bun  leather,  and  its  surface  is  from  time  to  time 
replenished  with  colcothar.  The  polisher  is  not  allowed  to 
move  quicker  than  about  seventy  or  eighty  feet  per  second. 

A  brush,  consisting  of  a  circular  piece  of  wood  fitted  upon 
an  axis,  and  set  upon  the  face  with  strong  bristles,  is  used  ta 
polish  those  parts  which  have  been  filed,  and  which  the  lap 
and  the  polisner  cannot  touch. 

Copper-plates  are  prepared  for  the  engraver,  by  placing 
them  upon  a  board  forming  an  inclined  plane,  and  rubbing 
them  with  a  piece  of  sharp  grit-stone,  first  in  the  direction  of 
their  length,  and  then  in  tnat  of  their  breadth,  with  rectilinear 
strokes,  till  the  marks  of  the  planishing  hammer  and  other  de- 
fects are  taken  out.  The  lower  edge  of  the  plate  may  lie  in  a 
trough  of  water,  so  that  the  necessary  supply  of  this  fluid  will 
be  carried  over  the  plate  without  stopping  to  throw  it  on.  The 
scratches  left  by  the  grit-stone  are  then  removed  by  rubbing  in 
the  same  way  with  a  piece  of  pumice  stone.  Charcoal  is  next 
used  with  water,  to  remove  the  scratches  left  by  the  pumice 
stone,  and  the  operation  is  finished  with  the  same  substance  and 
a  little  oil.  If  the  piece  of  charcoal,  when  it  is  tried,  glide  over 
the  surface  with  little  or  no  effect,  another  piece  must  be  se- 
lected. Its  fitness  for  the  purpose  may  be  distinguished  by  its 
making 
per, 

makers  finish  the  plat< 
enclosed,  in  a  similar  manner,  except  that  they  do  not  take  so 
much  pains  to  remove  every  scratcn,  but  obtain  a  high  gloss 
by  ruboing  with  colcothar  or  putty  laid  lipon  leather.  A  piece 
of  old  hat  makes  a  ]good  polisher,  as  does  also  paper  rolled  up 
till  it  forms  a  cylinder  of  sufficient  size,  when  the  encl,  being 
first  cut  straight,  must  be  used.  If  the  hat,  in  the  dying  of 
which  iro  "^  is  employed,  be  immersed  a  few  minutes  in  sulphu- 
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ric  acid,  the  iron  will  pmss  to  the  state  of  red  oxide,  and  it  then 
answers  the  purpose  still  better  than  before. 

A  species  of  the  clay  genus,  called  tripoli,  or  rotten  stone,  is 
much  used  to  prepare  metals,  marble,  and  glass,  for  receiTiu, 
after  the  use  of  emery  or  sand,  the  highest  polish  of  whidi 
they  are  capable.  It  is  of  a  jrellow  colour,  tastes  like  common 
chalk,  and  is  rough  or  sandy  between  the  teeth,  although  no 
sand  can  be  separated  from  it ;  and  its  particles  are  in  ntct  so 
fine  and  soft,  as  to  leave  no  perceptible  scratches. 

Goldsmiths,  to  ^ve  the  last  polish  to  their  wotk,  which 
they  commonly  caU  colouring  it,  employ  what  is  termed  po- 
lishing rouge.  This  powder  is  said  to  be  a  venr  pure  native 
red  oxide  of  iron.  Sometimes  it  is  of  a  red  inciinmg  to  pur- 
ple, and  has  the  appearance  of  very  fine  colcothar ;  but  this 
sort  is  of  inferior  quality. 

Burnishing  is  too  nearly  allied  to  the  above  methods  of  po- 
lishing, to  reauire  a  separate  section.  The  burnisher  used  by 
the  makers  ot  spurs  and  bits,  &c.  is  partly  iron,  partly  steel, 
and  partly  wooa.  It  consisis  of  an  iron  bar,  witn  a  wooden 
handle  at  one  end,  and  a  hook  at  the  other,  to  fasten  it  to 
another  piece  of  wood  held  in  the  vice,  while  the  operator  is 
at  work.  In  the  middle  of  the  bow,  withinside,  is  what  is 
properly  called  the  burnisher,  being  a  triangular  piece  of  steel 
with  a  tail,  whereby  it  is  riveted  to  the  bow. 

The  iron  ore  called  red  haematites,  or  blood-stone,  is  much 
used  for  burnishing  metals,  but  steel  burnishers  are  more  com- 
mon for  this  purpose  than  any  other  sort.  They  are  much  va- 
ried in  shape  according  to  the  fancy  of  the  user,  or  the  work 
for  which  tney  are  intended.  The  form  shown  at  fig.  9.  pi.  III. 
or  some  near  resemblance  of  it,  is  most  frequently  adopted* 
The  steel  of  which  a  burnisher  is  made  should  be  in  a  very 
hard  state,  entirely  free  from  Raws,  and  exquisitely  polished. 

Annealing. 

In  a  considerable  number  of  instances,  bodies  which  are  ca- 
pable of  undergoing  ignition,  are  rendered  hard  and  brittle  by 
sudden  cooling.  Glass,  cast  iron,  and  steel,  are  the  most 
remarkably  affected  by  liiis  circumstance ;  the  inconveniences 
arising  from  which  are  obviated  by  cooling  them  very  gradu- 
ally, and  this  process  is  called  annealing.  Glass  vessels  are 
carried  into  an  oven  over  the  great  furnace,  called  the  leer, 
where  they  are  permitted  to  cool,  in  a  greater  or  less  time,  ac- 
cording to  their  thickness  and  bulk.  Steel  is  most  effectually 
annealed  by  making  it  red  hot  in  a  charcoal  fire,  which  must 
completely  cover  it,  and  be  allowed  to  go  out  of  its  own  accord. 
Oast  iron,  which  may  require  to  he  annealed  in  too  large  a 
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quantity,  to  reader  the  expense  of  charcoal  very  agreeable, 
may  be  heated  in  a  turf  or  cinder  fire,  which  must  completely 
envelope  and  defend  the  pieces  from  the  air  till  they  are  cold. 
The  fire  need  not  be  urged  bo  as  to  produce  more  than  a  red 
heat;  a  little  beyond  this,  bars  and  thin  pieces  would  bend,  if 
destitute  ofa  eolid  support ;  and  would  even  be  melted  without 
any  vehement  degree  of  heat.  If  it  be  required  to  anneal  a 
Dumber  of  pieces  expeditiously,  and  the  fire  is  not  large  enouch 
to  take  more  than  one  or  two  of  them  at  once  ;  or  if  it  be 
thought  hazardous  to  leave  the  fire  to  itself,  from  an  appre- 
hension that  the  heat  might  increase  too  much,  the  fol- 
lowing scheme  may  be  adopted :  heat  as  many  of  the  pieces 
at  once  as  may  be  convenient,  and  as  soon  as  they  are  red 
hot,  bury  them  in  dry  eaw-dust.  Cast  iron,  when  annealed, 
is  less  liable  to  warp  by  a  subsetiuent  partial  exposure  to 
moderate  degrees  of  neat,  than  that  which  has  not  undergone 
this  operation. 

The  above  methods  of  annealing  render  cast  iron  easy  to 
work,  but  do  not  deprive  it  of  its  natural  character.  Cast  iron 
cutlery  is  therefore  stratified  with  some  substance  containing 
oxygen,  such  as  poor  iron  ores,  free  from  sulphur,  and  kept  in 
a  state  little  short  of  fusion  for  twenty-four  hours.  It  is  then 
found  to  possess  a  consideraole  degree  of  malleability,  and  is 
not  unfit  for  several  sorts  of  nails  and  edge-tooU. 

Copper  forms  a  remarkable  exception  to  the  general  rule  of 
annealing.  This  metal  is  actually  made  softer  and  more  flexi- 
ble by  plunging  it  when  red  hot  into  cold  water,  than  by  any 
other  means.     Gradual  cooling  produces  a  contrary  effect. 

The  Straight-edge  and  Square. 

A  steel  ruler,  made,  by  filing  and  grinding,  perfectly  true,  in 
called,  by  mechanics,  a  straight-edge,  and  is  an  instrument  ol 
great  use  and  value  to  the  workman.  A  straight-edge  is  not 
made  to  any  fixed  length,  which  must  be  varied  according  to 
the  work  to  which  it  is  intended  to  be  applied.  Unless  very 
short,  its  breadth  is  commonly  from  one  to  two  inches,  and  its 
thickness  should  in  all  cases  be  sufficient  to  support  its  own 
weight.  To  have  this  property,  it  must  be  thicker  than  would 
be  generally  supposed.  If  it  be  made  thirty  inches  long,  it 
should  not  be  less  than  half  an  inch  thick;  and  if  forty  indies 
long,  its  thickness  should  be  five-eights  of  an  inch.  Ifmade 
materially  thinner  of  these  lengths,  it  will  be  found  to  sink  in 
tbc  middle,  when  supported  at  the  ends ;  a  fact  easily  ascer- 
tained by  trying  it  with  the  arris  of  another  straight-edge. 

This  instrument  is  not  even  known  by  name,  to  n  great 
Dumber  of  provincial  artists,  who  might  be  benefited  by  its  use 
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It  should  be  made  of  the  best  cast  steel,  and  filed,  with  all  poe* 
sible  exactness,  agreeably  to  the  directions  given  on  that  sub- 

t'ect.  Three  must  be  made  at  the  same  time,  and  they  must 
»e  ground  with  strict  attention  to  the  general  directions  for 
that  operation.  If  they  be  true,  in  whatsoever  manner  they 
be  laia  flat  upon  each  other,  no  light  can  pass  between  them. 
Straight-edges  are  commonly  bevelled  on  one  side,  so  as  to 
make  one  edge  considerably  thinner  than  the  other,  in  the 
same  manner  as  common  wooden  rulers  are  generally  made. 

The  use  of  a  straieht-edge  in  filing  has  already  been  shown. 
In  turning,  it  is  equally  useful,  where  great  accuracy  is  wanted; 
for  example,  in  turning  a  cylinder,  or  a  cone,  the  application 
of  it  will  instantly  show  the  irre^arities  of  the  figure. 

Two  rectangular  prisms,  joinea  at  one  of  their  extremities, 
'so  as  to  form  a  right  angle  both  internally  and  externally,  con- 
stitute the  instrument  called  a  square.  See  pi.  III.  fig.  10.  A 
good  square  is  not  often  met  with;  those  pieces  of  metal  sold 
under  tnat  name,  by  the  clock  and  watch  tool  makers,  are  ge- 
nerally worthless  things,  no  two  of  them  corresponding  with 
each  other.  A  square,  therefore,  fit  to  serve  as  a  guide  m  the 
filing  of  metals,  must  be  the  work  of  the  individual  artist  by 
whom  it  is  required ;  or  at  least  he  must  finish  it, — any  com- 
mon workman  will  make  it  true  to  the  fiftieth  part  of  an  inch. 
It  should  be  made  of  good  steel,  and  as  it  is  not  to  be  tem- 
pered, it  should  be  well  hammered,  so  as  to  be  rendered  stiS 
and  elastic.  Like  the  straight-edge,  also,  it  should  be  filed 
with  the  greatest  accuracy,  and  ground  and  polished  on  every 
side. 

To  try  whether  the  square  is  accurate  or  not,  lay  it  on  a 
level  plate  of  metal  at  the  least  as  broad  as  itself,  and  twice  its 
length,  provided  also  with  a  ledge  perpendicular  to  it,  and 
known  to  be  truly  flat.  Against  this  ledge,  sp  as  to  reach  to 
about  the  middle  of  it,  press  the  external  edge  of  one  limb  of 
the  square.  Hold  it  steadily  there,  and  with  a  graver,  or  some 
finely  pointed  steel  instrimient,  draw  a  line  upon  the  plate,  as 
close  to  the  external  edge  of  the  other  limb  as  possible.  Now 
turn  over  the  square,  so  that  it  shall  lie  on  its  other  side,  and 
press  the  same  edge  against  the  other  half  of  the  ledge.  While 
thus  pressed  agamst  the  ledge,  bring  it  up  to  the  line  just 
drawn,  and  accurately  examine  if  another  line  can  be  made 
exactly  coincident  with  it.  If  this  can  be  done,  the  square  is 
true ;  if  it  cannot,  as  soon  as  any  part  of  the  square  touchies 
the  line,  draw  another  line ;  an  acute  angle  will  be  produced, 
and  half  the  breadth  of  this  angle,  at  any  giyen  distance  from 
the  ledge,  shows  the  deviation  of  the  insitrument  from  a  right 
tngle»  at  the  same  distance  from  the  same  point. .         x    . .  i 
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Screws. 

Screws  are  cut  principally  by  means  of  screw-plates,  by 
stobks  or  dies»  and  in  the  lathe.  The  part  left  standing  be- 
tween the  spiral  groove  of  a  screw,  is  called  the  thread.  The 
pin  by  which  the  spirals  of  a  screw  nut  are  formed,  is  called  a 
tap.  When  it  is  cylindrical,  or  of  the  same  diameter  in  every 
part,  it  is  called  a  plug  tap ;  and  when  it  forms  the  portion  of 
a  cone  or  a  pyramid,  it  is  aptly  enough  called  a  taper  tap,  or, 
as  it  is  the  most  frequent  form,  it  is  simply  denominated  a 
tap.  The  screw  cut  oy  a  tap  is  called  an  inside  or  concave 
screw;  the  tap  itself,  and  all  such  screws  as  are  or  can  be 
formed  by  plates  or  dies,  are,  for  necessary  contradistinction, 
called  outstde  or  convex  screws.  The  screw-plates  on  sale  at 
the  ironmongers'  shops,  are,  m  eiFect,  generally  worn  out 
before  they  are  used.  In  a  good  tap,  the  groove  is  sharp  at 
the  bottom,  as  the  thread  is  at  the  top,  and  in  proportion  as 
they  vary  from  this  configuration  they  may  be  considered  bad. 
The  longitudinal  section  of  ordinary  taps  and  plates,  instead 
of  being  bounded  by  a  zigzag  line,  and  the  thread  appearing 
like  a  series  of  triangles  touching  each  other  at  the  oase,  is 
bounded  by  an  undulating  line,  and  the  groove,  though  seldom 
perhaps  so  bad  as  to  cQrrespond  with  the  segment  of  a  circle, 
very  often  comes  no  nearer  a  triangle  than  a  portion  of  the 
smaller  end  of  an  oval.  Hence  tnose  who  require  perfect 
screws  for  any  piece  of  mechanism,  will  perceive  tne  necessity 
of  examining  the  taps  and  plates  intended  to  be  used  in  mak- 
ing them. 

A  screw-plate  is  a  cheap  and  handy  instrument  for  making 
screws;  but  as  it  cuts  at  once  the  whole  depth  of  the  groove 
which  it  will  make,  it  is  apt,  from  the  force  necessarily  em- 
ployed in  forcing  it  forward,  to  twist  the  pin  upon  which  it 
operates.  This  is  a  serious  inconvenience,  when  the  pin  has 
been  turned,  and  is  required  to  be  quite  straight.  Tne  best 
outside  screws  are  therefore  cut  with  what  are  called  stocks 
or  dies,  of  which  we  have  given  a  plan  in  pi.  III.  fig.  II. 
although,  like  screw-plates,  they  are  almost  too  well  known  to 
require  notice,  unless  it  be  for  the  purpose  of  laying  before 
those  who  are  unaccustomed  to  such  things,  such  hints  as  may 
enable  them  to  prevent  their  work  from  being  spoiled,  by  the 
ignorance  or  carelessness  of  those  whom  they  employ  for  its 
execution.  A  square  frame,  A  B,  is  welded  to  two  handles, 
C  D,  and  on  the  inside  of  the  opening,  next  each  handle,  is  an 
aneular  projection  to  the  extent  shown  by  the  dotted  lines. 
This  projection  takes  hold  in  a  corresponding  groove  cut  in  two 
pieces  of  steel,  bb,  the  edge  of  one  of  whioh  is  shown  at  fig,  12L 
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These  pieces  are  put  in  at  the  part  c,  where  there  is  no 
angular  projection;  they  are  then  slipped  down  to  their  pro-, 
per  place,  and  a  piece  of  iron  put  over  them,  so  as  to  oc- 
cupy a  great  part  of  the  space  e.  Upon  this  piece  of  iron 
is  pressed  the  end  of  the  screwy*,  by  which  the  pieces,  bb,  are 
brought  and  kept  as  near  to  each  other  as  may  be  required* 
They  are  then  tapped,  so  that  one-half  of  the  concave  screw 
formed  is  upon  each  of  them.  Before  they  are  tempered^ 
they  are  often  ground  or  filed  so  as  to  make  the  aperture^ 
when  they  meet,  less  than  a  circle ;  by  which  means  tney  caa 
be  used  to  cut  a  smaller  screw  than  they  were  originally  tap-* 
ped  with.  In  using  them,  the  screwy*,  can  be  turned  backp 
so  that  the'  aperture  will  easily  admit  the  pin  intended  to  be 
cut;. thus  is  obtained  the  advantage  of  making  the  groove 
very  shallow  in  the  first  instance,  and  of  deepemng  it  gradu- 
ally by  turning  further  in  the  screwy*. 

The  bolt  or  pin  intended  to  be  tapped,  either  with  a  screw.- 
plate  or  stocks,  is  tapered  in  a  small  de^ee  at  the  extremity, 
previous  to  the  operation.  If  a  screw-plate  be  employed,  it  ii 
then  pressed  downwards  upon  it,  with  a  force  proportionate  to 
its  size,  and  turned,  at  the  same  time,  with  a  progressive  and  re- 
trogressive motion,  always,  in  advancing,  (to  effect  the  neces* 
sary  revolution,)  going  over  a  greater  space  than  in  returning 
Stocks  are  used  with  a  similar  motion,  but  they  are  not  press- 
ed  downwards  except  at  the  commencement,  oefore  a  tnread 
of  one  revolution  has  been  formed  upon  the   pin.     Sorew- 

J»lates  and  stocks  are  often  ruined  by  being  used  to  iron  rough 
rom  the  forge,  and  covered  with  scales,  which,  from  their  hard 
gritty  nature,  grind  away  the  threads. 

As  in  making  outside  screws,  the  pin  is  tapered  at  the  ex- 
tremity, that  the  operation  may  be  more  readily  commenced  $ 
80,  in  making  insiae  screws,  (which,  when  made  for  screwing 
upon  bolts,  are  called  niiis,)  the  taper  tap  is,  for  the  same  rea- 
son, used  first,  and  afterwards  the  plug  tap  to  finish  with. 

The  tap'V^rench  is  simply  a  lever,  with  a  hole  in  or  about 
the  middle  of  it,  to  admit  the  rectangular  head  of  the  tap,  for 
the  purpose  of  turning  it  round,  in  the  same  manner  as  the 
plate  and  stocks  are  turned. 

The  taps  used  to  cast  iron  are  made  square ;  for  brass  thev 
are  sometimes  square,  and  sometimes  triangular.  As  with 
these  shapes  the  thread  can  only  be  on  each  arris,  they  clear 
their  way  better;  and  there  is  room  in  the  hole  for  the  p^rticlea 
which  are  rapidly  cut  from  these,  metals ;  and  to  clear  away 
which,  if  this  provision  were  not  made,  the  tap  must  very  fre- 
quently be  drawn  out;  or  it  will  be  broken  by  the  force  apf' 
utiled  to  overcotne  the  accumulated  obMruolioo  to  its  progreeik 


Pi'operliH  of  eoppet. 

Taper  taps  for  malleable  iron  are  frequently  squared;  but^/ug 
taps  for  the  same  metal  are  only  channelled,  in  the  direction 
of  their  length,  in  two  or  three  places,  so  as  to  take  out  the 
thread  where  the  grooves  are  made. 

The  method  of  cutting  screws  in  the  lathe,  will  be  found  id 
the  section  on  Turning. 

Copper. 

We  refer  to  the  article  of  Chemistry,  for  a  minute  enumera- 
tion of  the  whole  of  the  known  metals;  but  in  this  place  we 
shall,  with  the  exception  of  iron,  which  has  already  been  no- 
ticed rather  at  length,  introduce  a  general  practical  view  of 
the  properties,  applications,  and  combinations  with  each 
other,  of  those  most  frequently  occurring  in  common  arts 
and  common  life.  Making  this  our  plan,  the  first  object 
claiming  our  attention  is  copper. 

Copper  is  a  very  brilliant,  Bonorous  metal,  of  a  fine  red  co- 
lour, possessing  a  considerable  degree  of  hardness,  and  elasti- 
city. It  is  extremely  malleable,  and  may  be  reduced  to  leares 
so  fine,  that  they  may  be  carried  about  by  the  wind.  Its 
tenacity  is  very  great.  A  wire  of  one-tenth  of  an  inch  in 
diameter,  will  support  a  weight  equal  to  300/A.<.  avoirdupoise 
without  breaking.  It  does  not  melt  till  the  temperature  is 
elevated  to  about  21"  of  Wedgwood,  or  (by  estimation)  1460" 
of  Fahrenheit.  When  rapidly  cooled,  it  exhibits  a  granulated 
and  porous  texture.  When  the  temperature  is  raised  beyond 
what  is  necessaiy  for  its  fusion,  it  is  sublimed  in  the  form  of 
visible  fumes.  Its  greatest  malleability  ia  at  a  low  red  heat. 
None  of  the  malleable  metals  is  so  difficult  to  file  or  turn 
smooth  as  copper;  but  it  is  cut  by  the  graver,  or  ground  by 
gritty  substances,  with  great  ease. 

Wnen  miners  wish  to  know  whether  an  ore  contains  copper, 
they  drop  a  little  nitric  actd  upon  it;  nfter  a  little  time,  tney 
dip  a  feather  into  the  acid,  and  wipe  it  over  the  polished  blade 
of  a  knife  ;  if  there-  be  the  smallest  quantity  of  copper  in  it, 
this  metal  will  be  precipitated  upon  tne  knife,  to  which  it  will 
impart  it!)  peculiar  colour. — Roman  vitriol,  much  used  bv 
dyers,  and  in  many  of  the  arts,  is  a  sulphate  of  copper.  A 
solution  of  this  salt  is  used  for  browning  fowling-pieces  and 
tea-urns. 

In  domestic  economy,  the  necessity  of  Tteeping  copper 
vessels  perfectly  clean,  cannot  be  too  strongly  inculcated ;  but 
it  is  worthy  of  remark,  that  fat  and  oily  substances,  and  vege- 
table acids,  do  not  attack  copper  while  hot;  and  therefore 
eoppervesselsmay  be  used,forculinary  purposes,  with  perfect 
safety,  if  no  liquor  be  ever  suffered  to  grow  cold  in  them.  Tbt 
a:— Vol.  I.  G 
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mere  tinning  of  copper  and  brass  vessels  does  not  afford  coni- 
plete  security,  as  it  is  never  so  perfect  as  to  cover  every  part. 

Compounds  formed  by  the  mixture  of  two  or  more  different 
metals,  are  called  alloys.  The  alloys  of  copper,  especially 
those  in  which  this  metal  predominates,  are  more  numerous 
and  important  in  the  &rts  than  those  of  any  other  melml. 
Many  of  them  are  perfectly  well  known,  and  have  been  imme- 
morially  in  use.  The  exact  composition,  and  particularly  the 
mode  of  preparing  several,  are  kept  as  secret  as  possible.  By 
the  aid  of  chemistry,  we  may  detect  the  precise  compositioa 
of  an  alloy ;  yet  we  may  not  always  be  able,  by  common  m^ 
thods,  to  produce  a  mixture  having  all  the  excellencies,  which; 
perhaps,  mere  accident  has  taught  the  possessor  of  the  secrtt 
to  combine.  • 

Brass  is  the  most  important  of  all  the  alloys  of  copper,  it 
is  more  fusible  than  copper,  less  liable  to  tarnish  tcom  ex^ 
posure  to  the  atmosphere,  and  its  fine  yellow  colour  is  more 
agreeable  to  the  eye.  It  is  much  more  malleable  than  coppet 
when  cold,  but  less  malleable  when  hot;  at  a  low  red  heat,  it 
crumbles  under  the  hammer.  Sieves  of  extreme  fineness  ars 
woven  with  brass  wire,  after  the  manner  of  cambric  weaving, 
which  could  not  possibly  be  made  with  copper  wire.  Three 
parts  of  copper  and  one  of  calamine,  or  native  carbonate  of 
zinc,  constitute  brass.  The  calamine  is  first  pounded  in^a 
stamping  mill,  and  then  washed  and  sifted;  in  order  to  sepa^ 
rate  the  lead  with  which  it  is  mixed.  It  is  then  calcined  on  a 
broad,  shallow,  brick  hearth,  over  an  oven  heated  to  redness^, 
and  freauently  stirred  for  some  hours.  In  some  places,  it  is 
calcinea  in  a  kind  of  kiln,  filled  with  alternate  layers  of  cala- 
mine and  charcoal,  and  kindled  from  the  bottom,  wher6  a  saf 
ficient  quantity  of  wood  has  been  deposited  for  the  purpose* 
When  tne  calamine  has  been  thoroughly  calcined,  it  is  ground 
in  a  mill,  and  mixed  at  the  same  time  with  a  third  or  a  fonrtfa 
part  of  charcoal*  and  is  then  ready  for  the  brass  furnace 
jBeing  put  into  crucibles  with  the  requisite  proportk)n  of  grain 
copper,  copper  clippings,  or  refuse  bits  of  various  kinds,  the 
whole  is  covered  with  charcoal,  and  the  crucibles  luted  up 
with  a  mixture  of  clay  or  loam  and  horse  dung.  The  heat 
employed,  is,  for  a  considerable  time,  not  sufficient  to  melt 
the  copper,  which  it  is  at  length  raised  so  as  to  fuse,  end  die 
compound  metal  is  then  run  into  ingots^ 

In  general,  the  extremes  of  the  highest  and  lowest,  propor- 
tion of  zinc  are  from  twelve  to  twenty-five  per  cent,  of  tlie 
brass.  ^  Eten  wiih'  so  much  as  twenty-five  per  cent,  of  sinc^ 
brass  is  perfectly  malleable,  if  well  manufactured,  though  zHm 
itSfflf  scarcely  yields  to  the  hammer  at  common  ^mperatures%  ^ 
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Kmhbcck.^-Tombso. — Prince't 


Good  brass,  when  received  from  the  fouiidery,  is  nearly 
inelastic,  but  exceedingly  flexible,  and  when  polished,  the 
naked  eye  cannot  discover  any  pores,  which  are  frequently 
observable  in  the  brass  made  in  the  country.  The  liberal  use 
of  the  hammer  imparts  a  considerable  portion  of  elasticity  to 
brass,  and  renders  it  at  the  same  time  less  flexible.  Clock- 
makers,  watch-makers,  and  all  artists  who  employ  this  metal, 
in  forms  that  admit  of  the  operation,  hammer  it  well  before 
they  turn  or  file  it,  otherwise  their  work  would  wear  indiffer- 
ently, and  a  trifling  cause  injure  its  figure.  Brass  ie  not  mal- 
leable when  ignited. 

Hammering  is  found  to  give  a  magnetic  property  to  brass, 
perhaps  occasioned  by  the  minute  particles  of  iron  separated 
from  the  hammer  and  the  anvil  during  the  process,  and  forced 
into  its  surface.  This  circumstance  makes  it  necessary  to 
enijjloy  unhammered  brass  for  compass  boxes  and  similar 
apparatus. 

Five  or  six  parts  of  copper  and  one  of  zinc,  form  pinchbeck. 
Tombac  has  still  more  copper,  and  is  of  a  deeper  red  than 
pinchbeck.  Princes'  metal  is  a  similar  compound,  excepting 
that  it  contains  more  zinc  than  either  of  the  former. 

The  alloys  of  copper  with  different  proportions  of  tin,  are  of 
great  importance  in  the  arts.  They  form  compounds  which 
have  distinct  and  appropriate  uses.  Tin  renders  copper  more 
fusible,  less  liable  to  rust,  harder,  denser,  and  more  sonorous. 
Copper  and  tin  separately,  are  not  more  remarkable  for  their 
ductility,  than,  when  united,  the  compounds  they  form  are  for 
their  brittlencss. 

Eight  to  twelve  parts  of  tin,  combined  with  one  hundred 
parts  of  copper,  form  bronie,  which  is  of  a  greyish  yellow 
colour,  harder  than  copper,  and  the  usual  composition  for 
statues.  The  customary  proportions  for  bell-metal  are,  three 
parts  of  copper  and  one  of  tin.  The  greater  part  of  the  tin 
may  be  separated  by  melting  the  alloy,  and  then  throwing  a 
little  water  upon  it.  The  tin  decomposes  the  water.  Is  oxidiz 
ed,  and  throvm  upon  the  surface.  The  proportion  of  tin  iu 
bell-metal  is  varied  a  little  at  different  founderies,  and  for 
difl'erent  sorts  of  bells.  Less  tin  is  used  for  church  belts  than 
clock  bells ;  and  in  very  email  bells,  a  trifling  quantity  of  zinc  is 
used,  which  renders  the  composition  more  sonorous,  and  it  is 
Btill  further  improved  in  this  respect,  by  the  addition  of  a 
little  silver.  A  small  quantity  oi  antimony  is  occasionally 
found  in  bell-metal.  When  copper,  brass,  and  tin,  are  used  to 
form  bell-metal,  the  copper  is  from  seventy  to  eighty  per  cent, 
including  the  proportion  contained  in  the  brass,  and  the  re- 
mainder IS  tin  and  zinc.     When  tin  is  nearly  OQC-third  of  the 


I 
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aUoy,  it  is  then  beautifully  white»  with  a  luatr^  almost  like 
mercury,  extremeljr  hard,  cloBe^ffrained,  and  brittle ;  but  when 
the  proportion  of  tin  ia  one-half[  it  poeaesaes  these  properties, 
in  a  still  more  remarkable  de^ee»  and  ia  suaceptible  of  so  ex^- 
quisite  a  polish,  as  to  be  admirably  adapted  for  the  speculums 
of  telescooes.  If  more  tin  be  addfed  than  amounta  to  half  the 
weight  01  the  copper,  the  allov  begins  to  lose  that  splendid 
whiteness  for  which  it  is  so  valuable  as  a  mirror,  and  becomes 
of  a  blue  grey.  As  the  quantity  of  tin  is  increased,  the  texture 
becomes  rough*grained,  and  totally  unfit  for  inimufacture. 

Of 


Tin  is  a  metal  of  considerable  importance  in  the  arts.  It  is 
6f  a  silver  white  oolour,  very  ductile,  malleable^  and  gives  out. 
while  bending,  a  peculiar  crackling  noise.  Its  sjpeeific  gravity 
in  9*391 ;  a  cubic  foot  weighs  about  616/6f .  avoirdupois.  Ita 
purity  is  in  proportion  to  its  levity.  It  melts  at  the  400th  de- 
gi^ee  of  Fahrenheit's  thermometer,  and  promotes  the  fusibility 
of  the  metals  with  which  it  is  mixed.  Two  paits  lead  and  on* 
of  tin  form  plumber's  solder,  which  melts  sooner  than  either 
of  the  metals  separately.  Eight  parts  of  bisiHuth,  five  o4 
lead,  and  three  of  tin,  form  a  metal  which  melts  at  a  heat  not 
^ceeding  that  of  boiling  water.  Tea-spoona  are  made  of  thia 
aUoy,  to  surprise  those  unacquainted  with  their  nature :  they 
have  the  appearance  of  common  tea-spoons,  but  are  melted  in 
lK>t  tea. 

Tin  is  used  to  form  boilers  for  dyers,  and  worms  for  recti 
fiers'  stills.  The  common  mixture  for  pewter,  is  112  pounds  of 
iin,  15  pounds  of  lead,  and  six  pounds  of  braas*  But  the  name 
of  pewter  is  given  to  any  saalleable  white  alloy,  into  which  tin 
Itfgely  enters,  and  perhaps  no  two  manufacturers  employ  the 
Mme  mgredienta  in  the  same  proportions.  The  finest  Kinds  o§ 
pewter  contain  no  lead  whatever,  but  consist  of  tin  with  a 
•mall  quantity  of  antimony,  and  sometimes  a  little  copper 
Pewter  may  be  used  for  vessels  containing  wine,  and  even  vine- 
]gar,  provided  the  tin  constitutes  about  three-fifths  of  the  alloy. 

The  consumption  of  tin,  in  the  operation  called  tinning,  ia 
rwj  consideraole.  The  principal  secret  in  tinning,  ia  to  pre- 
eerve  the  tin  and  the  aurfece  of  tne  metal  to  which  it  is  intended 
to  be  applied^  perfectly  oleeu,  amd  ul  a  pUfo  metaUie  state. 
Hiin  platee  or  elteeti  of  iron^  wliich  when  coat^  with  tin  are 
#4  irell  known  msder  the  hme  of  ti^-pllutea^  White  iron,  or  lat- 
tfeti,  ere  pe epar^  bf  acohring  them  linfh  aAnd<  iWy  ore  then 
immersed  m  water  aeidulated  wiUi  aulphurie  aeid,  in  which 
tliey  are  kept  fortwenty«-four  houra^  being  occasionally  turned 
duimg  that  time,  »o  tbkt  they  may  mat  eqnaUy  in  eveiy  v$H* 
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ind  raade  perfectly 


When  taken  out,  they  are  again  scoured  t 
clean.     They  are  then  dipped  in  pure  wat 

till  wanted  for  tinning.    The  tin  is  melted        .   , 

narrow,  but  deeper  than  the  length  of  the  iron  plates,  which 
are  plunged  in  downright,  so  that  the  tin  swims  over  them. 
The  surface  of  the  tin,  to  prevent  its  oxidation,  is  covered 
with  some  oily  or  resinouB  matter.  Reaumur  Gtates,  that  the 
Germans  cover  it  with  auet,  previously  prepared  by  frying  and 
burning,  which  surprisingly  puts  the  iron  in  a  condition  to 
receive  the  tin.  Tne  melted  tin  must  also  have  tt  certain 
degree  of  heat;  if  not  hot  enough,  it  will  not  adhere  to  the 
iron ;  and  if  it  be  too  hot,  the  coat  will  be  very  thin,  and  the 
plates  discoloured.  Plates  intended  to  have  a  very  thick 
coat,  are  first  dipped  into  the  crucible  when  the  tin  is  very 
hot,  and  afterwards  when  it  is  cooler.  For  the  second  dip- 
ping, the  suet  must  not  be  prepared,  but  used  in  its  common 
Htate.  The  tin  not  only  adheres  to  the  surface  of  iron  plates, 
but  penetrates  and  intimately  combines  with  them. 

Copper  is  tinned  after  it  has  been  formed  into  utensils.  If 
the  copper  be  new,  its  surface  is  first  scoured  with  salt  and 
diluted  sulphuric  acid.  Pulverized  resin  is  then  6t^e^ved 
over  the  interior  of  the  vessel,  into  which,  after  heating  it  to 
a  considerable  degree,  a  sufficient  quantity  of  melted  tin  ik 
poured,  and  spread  upon  it  by  means  of  a  roll  of  hard  twisted 
flax,  which  renders  the  coating  uniform.  Pure  tin  is  rarely 
used  for  this  purpose;  it  is  generally,  though  injuriously, 
alloyed  with  a  small  proportion  of  lead.  Th*  use  of  the  resin 
is  important ;  for  the  heat  given  to  the  copper  is  sufticient  to 
oxidize  its  surface  in  some  degree,  and  an  alteration  of  this 
sort,  however  slight,  would  prevent  the  perfect  adhesion  of 
the  tin.  The  resin  is  equally  useful,  in  preventing  the  partial 
oxidation  of  the  tin,  or  in  reviving  the  small  particles  of  oxide 
which  may  be  formed  during  the  operation. 

For  tinning  old  vessels  a  second  time,  the  surface  is  first 
scraped  clean  and  bright  with  a  steel  instrument,  or  scoured 
with  iron  scales,  then  pulverized  sal  ammoDiac  is  strewed  over 
it,  and  the  melted  tin  is  rubbed  on  the  surface  with  a  solid 
piece  of  sal  ammoniac. 

The  process  for  covering  iron  vessels  with  tin,  corresponds 
with  that  last  described ;  but  they  onght  to  be  previously 
cleaned  with  the  muriatic  acid,  instead  of  being  scraped  or 
scoured.  Iron  nails  which  cannot  be  conveniently  tinned  iu 
a  bath,  are  easily  covered  with  tin  by  including  them,  with  a 
due  proportion  of  tin  and  sal  ammoniac,  in  a  stone  bottle, 
and  agitating  them  while  heating  and  cooling. 

The  following  method  of  tinning  is  highly  esteoined  for  its 
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ffermanency  and  beautv ;  the  utensil  is  cleaned  in  the  nsosil 
manner;  its  inner  surntce  is  beaten  on  a  tongh  anvil,  or 
scratched  with  a  wire*brush,  that  the  tinning  may  adhere  more 
closely  to  the  copper;  and  one  coat  of  pure  tin  is  then  laid  on 
with  sal  ammoniac,  as  above  directed  tor  tinning  old  copper. 
A  second  coat,  consisting  of  two  parts  of  tin  and  three  of  zinc, 
must  next  be  uniformly  applied  with  sal  ammoniac,  in  a  simi- 
lar manner:  the  surface  is  now  to  be  beaten;  scoured  with 
chalk  and  water ;  smoothed  with  a  proper  hammer ;  exposed 
to  a  moderate  heat;  and  lastly  dipped  in  melted  tin.  Thii^ 
sort  of  tinning  effectually  prevents  tne  utensils  from  rusting. 

Pins  are  whitened  by  filling  a  pan  with  alternate  layers  of 
them  and  grain  tin ;  a  solution  of  saper-tartrate  of  potass 
(cream  of  tartar)  is  then  poured  upon  them,  and  they  are 
boiled  for  four  or  five  hours.  The  tartaric  acid  first  dissolves 
the  tin,  and  then  gradually  deposits  it  on  the  surface  of  the 
pins,  in  consequence  of  its  greater  affinity  for  the  zinc  which 
enters  into  the  composition  of  the  brass  wire. 

There  are  two  kinds  of  tin  known  in  commerce,  viz.  block 
tin  and  grain  tin.  Block  tin  is  procured  from  the  con^mon 
tin  ore;  grain  tin  is  found  in  small  particles,  in  what  is  called 
stream  tin  ore.  It  owes  its  superiority,  not  only  to  the  purity 
of  the  ore,  but  to  the  care  with  which  it  is  washed  and  re- 
fined i 

^  Of  Lead. 

Lead  unites  with  most  of  the  metals.  It  has  little  elasticity, 
and  is  the  softest  of  them  all.  Gold  and  silver  are  dissolved 
by  it  in  a  slight  red  heat,  but  when  the  heat  is  much  increas- 
ed, the  lead  separates,  and  rises  to  the  surface  of  the  gold, 
combined  with  all  heterogeneous  matters.  This  property  of 
lead  is  made  use  of  in  the  art  of  refining  the  precious  metals. 

If  lead  be  heated  so  as  to  boil  and  smoke,  it  soon  dissolved 
pieces  of  copper  thrown  into  it ;  the  mixture,  when  cold,  is 
orittle.  The  union  of  >these  two  metals  is  remarkably  slight, 
for  upon  exposing  the  mass  to  a  heat  no  greater  than  that  in 
which  lead  melts,  the  lead  almost  entirely  runs  off  by  itself. 
This  process,  which  is  peculiar  to  lead  with  copper,  is  called 
eliquation.    It  has  lately  been  discovered,  that  a  certain  pro- 

J  portion  of  lead  may  be  mixed  with  the  metal  formerly  used 
or  white  metal  buttons,  without  injuring  the  appearance ; 
thus  affording  a  considerable  addition  of  profit  to  the  loanu- 
£acturer. 

The  consumption  of  lead  for  water  pipes,  cisterns,  and  to 
cover  buildings,  is  very  extensive.  Sheet  lead  is  made  by  suf- 
fering the  melted  metal  to  run  out  of  a  box  through  a  lonfr 
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horizontal  Bjit,  upon  a  table  prepared  for  the  purpose.  The 
table  is  generally  covered  with  sand,  and  the  box  is  drawn  over 
it  by  appropriate  ropes  and  pulleys,  leaving  the  melted  lead 
behind  to  congeal  in  the  desired  form.  The  requisite  unifor- 
mity and  thiimesa  are  given  to  these  sheets,  by  rolling  them 
between  two  cylinders  of  iron  acting  upon  the  same  principle 
as  the  copper-plate  printing  press. 

The  alloy  of  lead  and  antimony  is  used  for  printers'  types. 
Cbaptal  made  a  great  variety  of  experimentB  to  ascertain  the 
best  proportions  of  these  metals  to  each  other  for  this  use.  He 
always  tound  four  parts  of  lead  to  one  of  antimony  form  the 
most  perfect  composition.  But  if  the  antimony  be  pure,  one 
part  of  it,  to  seven  or  eight  of  lead,  form  an  alloy  too  brittle 
to  be  extended  under  the  hammer,  and  as  hard  as  the  genera- 
lity of  types.  To  give  hardness  to  the  lead,  is  not  the  only 
use  of  antimony  in  this  composition.  It  renders  the  lead  more 
fusible,  more  fluid  when  melted,  and  aS  it  expands  in  passing 
to  a  solid  state,  it  is  calculated  to  produce  a  sharper  impres- 
sion of  the  mould,  than  could  be  easily  obtained  by  lead  alone. 
Antimony  (which  in  trade  is  commonly  called  regulus  of  anti- 
mony, or  regulus  only,)  requires,  when  atone,  much  more  heat 
fur  its  fusion  than  lead,  in  combining  with  which  metal,  as  it 
is  little  more  than  half  its  weight,  it  rises  to  the  surface,  and 
requires  to  be  well  stirred  before  it  will  incorporate.    Different 

Jiarts  of  the  same  block  of  type-metal,  often  possess  very  dif- 
ereat  degrees  of  hardness.  Stereotype  plates  are  almost 
always  harder  on  the  face  than  on  the  back. 

The  method  of  granulating  lead  in  the  making  of  small  shot, 
is  curious.  In  melting  the  lead,  a  small  quantity  of  arsenic  is 
added,  which  disposes  it  to  run  into  spherical  drops.  When 
melted,  it  is  poured  into  a  cylinder,  whose  circumference  is 
pierced  with  holes.  The  lead  streaming  through  the  holea, 
soon  divides  into  drops,  which  fall  into  water,  where  they 
congeal.  They  are  not  all  spherical ;  therefore  those  that  are 
so,  must  be  separated  ;  which  is  done  by  an  ingenious  conni- 
vance. The  whole  are  siftetf  on  the  upper  end  of  a  long, 
smooth,  inclined  plane,  and  the  grains  roll  down  to  the  lower 
end.  But  the  pear-like  shape  of  the  bad  grains  makes  them 
roll  down  irregularly,  and  they  waddle  as  it  were  to  a  side, 
while  the  sphencal  ones  roll  straight  on,  and  are  afterwards 
sorted  into  sizes  by  sieves.  The  manufacturers  of  the  patent 
shot  have  fixed  their  furnace,  for  melting  the  metal,  at  the  top 
of  a  tower  one  hundred  feel  high,  and  obtain  a  much  greater 
quantity  of  spherical  grains,  by  Ittting  the  lead  fall  into  the 
water  from  this  height,  as  the  shut  is  gradually  cooled  before 
it  reaches  the  water.     The  arsenic  ia  generally  added  io  eo 
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cess  to  a  small  quantity  of  lead,  which  is  covered  and  clos^ 
luted  till  the  incorporation  is  complete.  The  compound  6 
<^ed  slag  or  poisoned  metal.  Ingots  of  this  slag  are  then 
added  to  soft  pig  lead^  in  such  proportion  as  is  found  upon 
trial  to  cause  it  to  drop  in  a  globular  form.  The  smaller  dH| 
shot,  the  less  the  height  from  which  it  requires  to  be  dropped. 
The  smallest  kind  need  not  fall  from  an  eleration  of  more 
than  eight  or  ten  feet.  If  the  lead,  at  the  time  of  casting,  be 
too  hot,  the  shot  will  be  apt  to  crack ;  and  if  it  be  too  cold^ 
it  will  stop  up  the  holes  in  the  cylinder.  Instead  of  the  cylin- 
der, a  plate  of  copper,  about  the  size  of  a  trencher,  is  used  in 
the  making  of  small  quantities,  with  a  hoUowness  in  the 
middle,  about  three  inches  compass,  pierced  with  thirty  or 
forty  holes,  according  to  the  size  of  the  shot  wanted.    The 

Eart  containing  the  holes  may  be  thin ;  but  the  thicker  the 
rim,  the  better  it  will  retain  the  heat. 
The  surface  of  melCed  lead,  as  every  one  knows,  becomes 

Siuickly  covered  with  a  skin  or  pellicle,  often  assuming  dif« 
erent  lively  hues  at  first,  and  subsequently  increasing  in  quan** 
tity  and  darkness  of  colour.  This  eflPect,  termed  by  chemists 
oxidation,  as  it  is  occasioned  by  the  action  of  the  oxygen  of 
the  atmosphere,  the  activity  of  which  is  greater  in  proportion 
to  the  heat  of  the  lead,  wastes  the  meteu  so  fast,  that  it  be* 
comes  an  object  of  importance  to  those  who  melt  much  lead; 
to  check  its  formation,  or  to  convert  it,  when  formed,  by  the 
cheapest  process,  into  the  metallic  state  again.  A  thick 
coating  of  ashes  of  any  kind,  will  check  the  formation  of  the 
oxide,  and  may  be  easily  pushed  back,  when  a  quantity  of 
lead  must  be  taken  out  of  tne  crucible  or  melting  pan.  Cha^' 
coal,  which  is  also  a  good  covering  for  lead  in  the  pan,  will 
convert  dross  into  metal,  when  assisted  by  a  sufficient  heat , 
fat,  oily,  and  bituminous  substances  in  general,  have  a  similar 
effect.  Common  resin  answers  exceedingly  well ;  thrown  in 
powder  upon  melted  lead,  and  stirred  about,  it  immediately* 
converts  the  oxide  into  metaL  causes  the  surface  to  shine 
like  mercury,  and  if  any  thing  remains,  it  is  only  a  black 
dirt,  containing  little  or  no  lead.  But  in  taking  off  this 
dirt,  small  globules  of  pure  lead,  skimmed  off  at  the  same 
time,  get  mixed  with  it;  by  throwing  it  into  water,  stii 
ring  it  thoroughly,  and  pouring  off  all  that  does  not  im- 
mediately sink,  these  grains  may  be  separated.  If  part 
of  what  has  appeared  to  be  dirt,  is  found  to  be  so  heavy  as 
instantly  to  sink  to  the  bottom  of  water,  it  may  be  suspected 
to  be  true  dross  or  oxide,  and  may  be  revived  by  mixing  it  widi 
charcoal,  and  exposing  it  to  a  considerable  heat,  it  is  aU* 
ways,  however,  more  prudent  and  economical,  to  use  means  of 
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IHterentixig  th€  formation  of  oxide,  than  to  bestow  muoh  time 
,«|iob  its  reTiyal. 

' :  iiead  becomes  lets  fluid  erery  time  it  is  melted,  and  by 
amok  or  frequent  exposure  to  a  faigrh  temperature,  a  state  in 
idiiok  it  is  said  to  be  rotten,  is  superinduced.  To  use  new 
lead,  and  not  to  melt  it  oftener,  or  expose  it  to  a  greater  heat 
Chan  is  indispensable,  are  necessary  precautions  to  preserre  this 
metal  in  its  best  state.  Plumbers,  wnen  they  cast  it  into  sheets, 
strew  common  salt  upon  the  table,  to  facilitate  its  spreading, 
iriliea  they  are  not  using  Bew  lead^  and  are  for  that,  or  any 
other  reason,  apprehensive  that  it  will  not  run  well. 

The  obserrations  above  recited  on  the  management  o^  kad, 
apply,  with  equal  propriety,  to  tin,  antimony,  zinc,  bismuth,  &d. 
and  all  the  aUoys  of  these  metals  with  lead  or  each  otiier.  In 
/aet,  as  lead  is  so  muoh  cheaper  than  the  other  metals  jilst 
enumerated,  the  object  of  saving  it  from  destruction  is  pM^ 
portionately  of  less  consequence. 

Of  Zinc. 

Zinc  is  a  very  combustible  metal,  of  a  bluish,  brilliant  white 
colour.  It  seems  to  form  the  link  between  the  brittle  and  mii^- 
leable  metals.  It  is  a  modem  discovery,  that  at  a  temperature 
of  from  210^  to  300^  of  Fahrenheit,  it  yields  to  the  nammet, 
may  be  drawn  into  wire,  or  extended  into  sheets.  After  hating 
been  thus  annealed,  it  continues  soft,  flexible,  and  extensible, 
and  does  not  return  to  its  partial  brittleness ;  thus  admitting  of 
being  applied  to  many  uses  for  which  zinc  was  formerly  deemed 
unfit.  Hobson  and  Sylvester,  of  Sheffield,  have  taken  out  a 
patent,  securinz  to  themselves  the  benefits  accruing  from  the 
application  of  uiie  discovery  to  the  arts. 

There  can  now  be  no  difficulty  in  foiming  zinc  into  sheath- 
ing for  the  botton>s  of  ships,  into  .vessels  of  capacity,  watei^ 
E'pes,  and  utensils  for  varioas  manufactories.  As  an  internal 
ling  for  culinary  vessels,  instead  of  tin,  it  has  already  Dem 
applied  with  success.  It  is  much  harder  and  cheaper  tlmn  tin, 
and  may  be  spread  very  nnifovmly. 

Sma,  at  a  very  elevated  temperature,  may  be  nmlverned. 
It  fliay  ako,  like  several  oUmit  metals,  be  minutely  divided, 
by  pouring  it,  wheik  in  fusion,  into  water.  These  are  die 
tMWt  conveniiBftirt  means  of  reducing  it  into  small  particles. 
Fites  have  n<^  oonsiderable  action  upon  it ;  besides,  it  weuAi 
and  ckfokes  t&em  up  in  a  short  time.  Zinc,  in  filing^  dr  imall 
particles,  is  used  to  produce  those  brilliant  stars  and  sipaoigliB 
which  are  seen  in  the  best  artificial  fire-works ;  but  the  fil- 
ings of  cast  iron  produce,  at  a  cheaper  rate,  an  effect  scarc^jr 
mbiior. 
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Calamine,  or  lapis  calannnaris,  used  in  conyerting  copper 
into  brass,  is  found  both  in  masses  and  in  a  crystallized  state, 
and  is  generally  combined  with  a  large  portion  of  silex.  It  is 
a  native  oxide  of  zinc,  combined  with  carbonic  acid.  Zinc  is 
also  found  in  an  ore  called  blende,  or,  as  the  miners  term  it. 
Black  Jack.  It  is  a  sulphuret  of  zinc:  in  Wales  H  was 
employed  till  lately  for  mending  the  roads. 

Soldering. 

To  unite  two  pieces  of  the  same  or  of  dtfierent  metals,  oy 
fusing  some  metallic  substance  upon  them,  is  called  soldering. 

It  IS  a  general  rule,  that  the  solder  should  be  easier  of 
fusion  than  the  metal  to  be  soldered  by  it.  It  is,  in  the  next 
place,  desirable,  though  seldom  absolutely  necessary,  nor 
always  attempted,  that  the  solder  and  the  metal  to  which  it  is 
ititended  to  be  applied,  ^ould  be  of  the  same  colour,  and  of 
the  same  degree  of  hardness  and  malleability. 

Solders  are  distinguished  into  two  principal  classes,  tiz.  the 
hard  and  the  soft  solders.  For  the  hard  solders,  which  are 
ductile,  and  admit  of  beins  hammered,  some  of  the  same  sort 
of  metsd  as  that  to  be  soldered,  is,  in  the  greater  number  of 
instances,  alloyed  with  some  other  which  increases  its  fusi- 
bility. Some  of  the  facts  already  detailed,  respecting  the 
metals,  prove  that  the  addition  made  with  this  view  need  not 
always  be  itself  easier  of  fusion. 

The  solder  for  platina  is  gold,  and  the  expense  of  it  will, 
therefore,  contribute  to  hinder  the  general  use  of  platina 
vessels,  even  in  chemical  experiments. 

The  hard  solder  for  gold,  is  composed  of  gold  and  silver ; 
gold  and  copper ;  or  gold,  silver,  and  copper.  Goldsmiths 
usually  make  four  kinds ;  viz.  solder  of  eight, '  in  which,  to 
seven  parts  of  silver,  there  is  one  of  brass  or  copper.;  solder 
of  six,  where  only  a  sixth  part  is  copper ;  solder  of  four,  and 
solder  of  three.  But  many  who  may  have  occasionally  to 
•older  gold,  cannot  encumber  themselves  with  these  varieties. 
For  general  purposes,  therefore,  the  following  composition 
may  bo  provided :  melt  two  parts  of  gold,  with  one  of  silver 
and  one  of  copper ;  stir  the  mass  well  to  make  it  uniform, 
aid  a  little  borax  in'  powder,  and  pour  it  out  immediately 
If  cast  into  very  thin  narrow  slips,  it  will  be  the  more  hanay 
for  subsequent  use.  To  cleanse  gold  which  has  been  solderedf» 
heat  it  almost  to  ignition,  let  it  cool,  and  then  boil  it  in  urine 
and  sal  ammoniac. 

The  hard  solder  for  silver  may  be  prepared  by  melting  two 
MTts  of  silver  with  one  of  brass.  It  must  not  be  kept  lone  in 
fusion,  lest  the  zinc  of  the  brass  fly  off  in  fumes. ,  If  the  ai&fT 
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to  be  soldered,  be  alloyed  with  much  copper,  the  proportion 
of  brass  may  be  increased;  for  example,  the  followiag  com- 
position may  be  used  ;  four  parts  of  silver  and  three  of  bniBB, 
rendered  easier  of  fusion  by  the  addition  of  a  sixteenth  part  of 
zinc.  Silver  which  has  been  soldered,  may  be  cleaned  by 
heating  it,  and  letting  it  cool,  as  directed  for  gold,  but  it 
must  be  boiled  in  alum  water. 

The  hard  solder  for  copper  and  brass,  is  a  soft  fusible  sort 
of  gi'iinulated  brass,  well  known  to  artists  under  the  name  of 
BpeTttr.  it  consists  of  brass  mixed  with  an  eighth,  a  sixth, 
or  even  one-half  of  ztnc.  The  brazier's  use  no  other  kind  of 
hard  solder,  and  it  is  commonly  sold  by  them.  As  spelter 
melts  sooner  than  common  brass,  it  serves  for  the  solder  of 
the  latter  as  well  as  for  copper. 

Standard  silver  makes  an  excellent  solder  for  brass.  If  is 
more  fusible  than  spelter,  proportionately  easier  to  manage, 
and  equally  as  durable,  A  slight  demand  (or  silver  solder  may, 
to  many,  be  supplied  at  an  easy  rate,  in  consequence  of  the 
number  of  small  silver  articles  in  common  use,  and  which  are 
frequently  wearing  out;  no  one  need  to  be  at  a  loss  for  it, 
while  they  can  provide  themselves  with  a  worn-out  silver 
thimble  or  toothpick. 

Iron  may  be  soldered  with  copper,  brass,  gold,  or  silver. 
Brass  or  spelter  is  most  commonly  used,  and  tlie  operation  is 
then  called  brazing;  but  a  carburet  of  the  same  metal,  viz.  tlie 
dark  grey  or  most  fusible  sort  of  pig  iron,  called  No.  1.  is  the 
nost  durable  solder  that  can  be  used;  The  pig  iron  loses 
some  of  its  brittleness,  and  the  malleable  melal  becom«B 
btrder  in  the  proximity  of  the  parts  soldered. 

The  parts  upon  which  bard  solder  is  intended  to  operate, 
■re  touched  with  finely  powdered  borax  moistened  with  water, 
l&fiy  must  also,  as  in  all  soldering  and  tinning  operations,  be 
perfectly  clean.  The  borax,  qiyckly  runnin?  into  a  kind  of 
giftss,  promotes  the  fusion  of  the  solder,  and  preserves  from 
•Ktdation  the  surfaces  to  which  it  is  applied.  The  pieces  in- 
teaded  to  be  soldered,  are  fastened  together  with  iron  wire,  or 
lectured  by  some  contrivance  having  the  same  eSect.  Spelter 
being  composed  of  so  many  grains,  is  apt  to  spread  when  the 
botKX  boils  up  ;butjust  as  it  becomes  fused,  the  workmen  bring 
\  at  to  the  place  where  it  is  wanted,  by  a  slender  iron  rod.  Tha 
flame  of  a  lamp,  directed  by  the  blow-pipe  against  the  solder 
coverin^the  intended  joint,  which  must  be  laid  upon  charcoal, 
is  sufficient  for  small  things.  For  large  work,  a  common  culi- 
Dtry  fire  may  be  made  to  effect  the  desired  fusion,  though  « 
fo^e  is  still  more  convenient.  The  fire  should  not  touch  tb» 
vork,  nor  the  ashes  be  allowed  to  fall  upf  "  '" 
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T^e  soft  solders  melt  eaBily,  but  are  partly  brittle^  and  there- 
fore catmot  be  hammered.  Tliv.  o^ld^r  for  lead  is  usually  com- 
posed of  two  parts  lead  and  one  of  tin.  Its  goodness  is  tried 
oy  melting  it,  and  pouring  about  the  size  of  a  crown  piece  upoD . 
a  table;  little  shinmg  stars  will  arise  upon  it  if  it  be  ^rood.  By 
diminishing  the  proportion  of  lead,  we  form  what  is  called  strong 
solder;  we  may  also  increase  the  proportion,  which  is  advis*> 
able  when  we  wish  to  solder  vessels  for  containing  acids;  be- 
cause lead  is  not  so  easily  corroded  or  dissolved  as  tin. 

The  metal  with  which  tea-chests  are  lined,  femiliarly  called 
tea-lead,  is  an  alloy  principally  composed  of  lesKl  and  tin.  It 
is  generally  sold  at  so  low  a  rate,*  that  it  is  bought  by  manu- 
facturers who  require  alloys  of  lead,  as  a  cheap  method  of 
obtaining  that  metal  already  somewhat  enriched.  In  some  of 
it,  ifie  proportion  of  tin  is  very  small :  other  parcels  contain 
so  much  tm  that  they  make  excellent  solder  foir  lead  without 
any  further  admixture.  No  solder  can  be  obtained  at  so  low 
a  price  as  this.  These  valuable  portions  of  tea-lead  may  be 
distinguished  by  their  brilliancy,  having  suffered  little  nrom 
oxidation;  also,  when  they  principally  consist  of  tin,  by 
that  crackling  noise  while  bending,  which  is  peculiar  to  this 
metal  and  some  of  the  alloys  into  which  it  largely  enters. 
We  may  observe,  in  passing,  that  tea-lead,  when  mixed 
with  antimony,  generally  produces  a  compound  of  less  firmr 
ness  when  cold,  and  when  melted^  of  less  fluidity,  than  it 
pure  new  lead  had  been  used.  It  is  not  improbable,  that 
when  manufactured  into  sheets,  it  is  occasionally  spoiled  by 
too  much  heat. 

The  solder  for  tin  may  consist  of  four  parts  pewter,  one  erf* 
tin,  and  one  of  bismuth,  or  two  parts  of  tin  ana  one  of  lead : 
the  latter  is  the  composition  mostly  used. 

The  soldering4ron  of  the  tin-plate  workers,  is  an  ingot  of 
coppjer,  flattened  at  the  point,  in  a  pyramidical  form ;  it  is 
screwed  or  rivet^d  to  an  iron  stem  driven  into  a  wooden 
handle.  The  copper  is  seldom  more  than  four  or  Ave  inches 
long,  and  when  it  is  worn  away,  die  same  stem  and  handle 
are  used  for  another  piece.  The  bar  of  copper  is  prepared 
for  use,  by  filing  it  brigfit,  and  tinning  it ;  when  sufficiently 
hot,  it  will  melt  and  take  up  the  solder,  so  as  to  afford  a  ready 
means  of  applying  it  to  tne  intended  juncture.  Powdered 
tesin,  and  sometimes  pitch,  is  used  along  with  the  soft  sol- 
ders, to  preserve  the  metals  employed  from  oxidation. 

Tin-foil,  applied  between  the  joints  of  fine  brass-work,  first' 
Wetted  with  a  strong  solution  of  sal  ammoniac,  and  held  firmly 
together  while  heated,  makes  an  excellent  juncture,  care  being 
taken  to  avoid  too  much  heat.  .       ' 
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Turning  is  an  art  uniTcraally  admired;  the  ^mplicity  of  thfi 
operation,  the  facility  with  which  precision  in  performin?  it  is 
attained,  the  agreeaole  exercise  it  affords  to  the  miad,  the 
beauty  and  utihty  of  its  products,  have  drawn,  for  the  amuse- 
ment of  a  leisure  hour,  as  well  as  for  objects  of  real  importance, 
men  of  all  ranks  into  the  number  of  its  practisers.  It  is  an 
art  of  great  antiquity,  but  when  or  by  whom  it  was  firat 
adopted,  we  must  leave  the  antiquarian  to  decide.  In  this 
place  it  claims  notice,  on  account  of  its  contributing  so  essen* 
tiallv  to  the  perfection  of  several  other  arts. 

Tne  machine  in  which  turning  is  performed,  is  called  a  Lathe 
Lathes  difler  very  considerably  in  their  general  form,  their  size, 
and  the  materials  of  which  they  are  made.  They  are  commonly 
classed  according  to  the  manner  in  which  they  receive  their 
motion.  Hence  we  have  the  Wktel  Lathe,  the  Fool  Lathe,  the 
Hand  Lathe  or  Turning  Bench,  and  the  Pole  Lathe.  For  very 
large  work,  there  are  other  lathea  used,  which  are  wrought  by 
horses,  water  wheels,  or  steam  engines. 

We  shall,  in  the  first  instance,  describe  tlie  foot  lathe,  which 
may  be  converted  into  a  wheel  lathe,  as  often  as  occasion  de- 
mands; as,  for  this  end,  it  is  only  necesearv  to  6x  it  in  such 
a  situation  as  to  admit  of  the  requisite  addition  of  a  large 
wheel,  turned  by  one  or  more  men. 

Fig.  1.  pi.  I.  is  the  perspective  view  of  a  foot  lathe  made 
entirely  of  iron,  excepting  the  wheel.  The  shears  or  cheeks, 
which  constitute  the  bed  of  the  lathe,  and  one  of  which, 
fiB,  is  seen  in  front,  are  fastened,  at  one  end,  by  two  bolts, 
c  d,  to  the  upright  O;  and  at  the  other  end  by  (he  bolts 
a  b,  to  the  upright  Q.  These  bolts  pass  entirely  through  the 
shears  and  the  uprights,  and  are  each  of  them  screwed  at 
the  end,  so  as  to  be  drawn  perfectly  tight  by  a  nut  at  the 
back.  The  heads  are  countersunk,  so  that  Uiey  li£  level  in 
front,  and  can  occasion  no  inconvenience.  The  feet  P  K 
are  cast  in  the  same  piece  with  their  respective  uprights 
0  Q.  They  are  fastened  to  the  floor  by  screws  passing 
through  them,  and  are  large  enough  to  afford  a  solid  bearing 
for  the  lathe.  The  shears  are  parallel,  and  enclose  a  space 
for  the  puppets,  or,  as  they  are  sometimes  called,  the  head-j> 
-atocks,  to  slide  in. 

On  the  rim  of  the  great  wheel  or  fly,  K,  are  three  annular 
grooves,  gradually  narrowing  to  the  bottom,  the  section  of  each 
exhibiting  an  augular  indentaiion,  which  form  is  the  most  suit- 
able to  take  effectual  hold  of  the  band,  and  e^^s  it  more  power 
to  tutu  the  mandrel  E,  the  pulley  F  of  which  has  three  corre- 
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spending  grooves,  of  different  diameters,  to  give  it  different 
velocities.  The  fly  wheel,  the  grooves  of  which  are  also  of 
different  diameters,  has  its  least  diameter  upon  the  same  side 
as  the  greater  diameter  of  the  pulley.  'Hie  band  ib  made  9! 
strong  catgut ;  in  order  to  make  it  suit,  when  appli^  to  all  the 
different  grooves  of  the  pulley,  the  wheel  K  caa  oe  elevated  or 
^^^^^^epressed  by  means  of  the  screws jp  p,  each  of  which  acts  upon 
a  sliding  piece  in  the  uprights.  The  axle  of  the  whisd,  at  one 
end,  works  in  the  sliding  piece  of  the  upright  Q,  but  at  the 
other  in  the  end  of  the  screw/^  which  passes  thcough  the  slidei: 
of  the  upright  O,  and  affords  the  convenience*  not  only  of 
making  the  motion  of  the  wheel  steady,  but  of  taking  it  out>  or 
putting  it  in,  without  disturbing  the  otner  parts  o^the  machine. 
The  axle  of  the  wheel  is  of  iron,, except  at  each  extremity^ 
which  is  steeled,  left  very  hard,  and  of  a  conical  figure.  .  At  L 
it  is  bent  so  as  to  form  a  crank,  receiving  one  hook  of  the  con? 
necting  rod  M,  the  other  hook  of  which  is  attoched  to  the 
treadle  frame  N.  The  hooks  of  the  connecting,  rod  heih^ 
screwed  in,  can  be  lengthened  or  shortened  as  the  whe^l  ift 
elevated  or  depressed.  The  treadle  frame  is  made  of  wood ;  it 
each  end  of  the  back  part  q  q,  is  affixed  a  conical  piece  of  steel, 
one  of  which  works  in  a  corresponding  hole  in  the  foot  P,  and 
the  other  in  R,  upon  the  same  plan  as  the  axle  of  the  fly. 

The  puppets  C  D  are  cast  in  one  piece.  On  the  under  side 
they  have  a  projecting  part,  pointed  out  by  dotted  lines  near  B» 
exactly  filling  in  breadth  the  space  between  the  shears,  upon 
which  they  are  drawn  down  by  the  screws  m  m,  which  enter 
this  projecting  part,  and  render  them  immoveable  at  pleasure. 
The  puppet  G  is  fastened  in  a  similar  manner,  by  the  screw  I. 
The  spindle  or  mandrel  E,  runs  in  a  brass  or  bell-metal  collar 
in  each  of  the  puppets  C  D.  The  collar  in  the  puppet  C  is  of 
a  single  piece,  very  carefully  drilled  ;  but  that  in  the  puppet  D 
is  in  two  pieces,  wnich  are  fitted  so  as  to  slide  down  an  angular 
groove,  and  further  secured  by  a  plate  r  on  the  top  of  it,  which 
plate  is  fastened  by  two « screws.  The  part  £  is  called  the 
nose  of  the  spindle,  and  the  screw  upon  it  is  intended  to  re- 
ceive the  chucks.  The  spindle,  where  it  works  in  the  collars, 
mtust  be  steel,  welded  round  the  iron  part,  and  turned  cylin- 
drical in  the  most  accurate  manner.  It  is  supplied  with  oil  by 
small  holes,  one  of  which  is  drilled  from  the  top  of  eaich.  pup- 
pet through  the  collars.  It  is  intended  to  be  'used  occasiOnaUy 
.  as  a  traversing^  mandrel,  but  when  not  used  for  -this  purpose, 
^t  has  a  groove,  for  a  {>iece  of  steel  on  the  piippH  C  to  fall 
into,  so  as  to  prevent  its  horizontal  motion,  oy  sl^dtjetii^g 
The  screws  /  n^m^  it  is  evident  that  the  puppets  are  atlibeirty 
lb  slide  horizontally,  and  that  D  and  G  can  be  fijced  at  reriopi 
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distances  from  each  other.  O  is  the  puppet  moved  to  f^uit  thtj 
length  of  different  work,  which  requires  the  usei  of  the  point  of 
the  screw  H  as  a  centre.  An  accommodation  of  a  few  inches 
is  obtained  by  screwing  H  further  through  or  out  of  the  heart- 
stock.  When  the  screw  H  has  been  brought  to  its  proper  place, 
it  is  fastened  by  turning  the  screw  s.  To  prevent  the  scrtfw  s 
from  damaging  the  thread  of  II»  a  small  piece  of  brass  inter- 
cepts the  end  of  it,  and  is  pressed  by  it  upon  the  screw. 

The  rest,  I,  can  be  affixed  at  any  necessary  distance  from 
the  axis  of  the  work,  by  the  bolt  i,  which  is  drawn  ti«jht  by 
the  nut  k,  the  peculiar  shape  of  which  is  very  convenient  in 
practice,  as  it  admits,  in  turning  it,  of  the  ready  application 
either  of  the  hand  or  any  sort  of  a  lever.  As  the  opening 
which  admits  the  bolt  i  is  not  stopped  off  at  one  end,  tne  rest 
can  be  drawn  from  the  lathe  without  taking  off  the  nut  k  from 
the  bolt  i,  which,  when  the  rest  is  withdrawn,  immediately 
fells  from  between  the  cheeks.  The  cross  part,  ^,  of  the  rest, 
having  a  cylindrical  stem,  which  exactly  nts  a  nole  passing 
perpendicularly  through  the  pillar  in  the  fore  part  of  tne  rest, 
admits  of  beipg  moved  entirely  round,  or  of  bein^  raised  or 
lowered,  and  it  may  be  fixed  m  any  situation  which  can  be 
necessary,  by  the  screw  A. 

The  pulley  F  is  commonly  made  of  mahogany,  or  some 
hard  wood  which  will  stand  well.  On  the  face,  it  is  covered 
with  a  brass  plate,  upon  which  are  a  number  of  concentric 
circles,  each  divided  into  a  different  number  of  equal  parts 
by  small  holes.  There  is  \'  stop  t,  consisting  of  a  stout 
cylindrical  piece  that  can  be  moved  round  on  a  screw  on  the 
puppet  D ;  to  the  end  of  it  is  affixed  a  thin  piece  of  steel,  so 
that  when  turned  up,  and  a  short  point,  near  the  top  of  it, 
inserted  in  any  of  the  divisions  of  the  pulley,  it  has  sufficient 
?prin^  to  keep  it  there.  This  contrivance  is  used  to  divide 
tne  circumference  of  any  thing  turned  into  equal  parts.  It 
may  also  be  applied  to  the  cutting  of  the  teeth  of  wheels,  so 
as  to  make  the  lathe  not  inferior,  for  this  purpose,  to  the 
clockmaker's  engine,  which  is  ofteli  more  costly  than  a  com- 

Elete  lathe.  To  use  it  in  this  way,  let  the  part  g  of  the  rest 
e  drawn  out,  and  a  strong  plate  of  iron,  with  a  stem  of  the 
same  kind,  substituted.  Upon  this  plate,  let  there  be  a  slid* 
ing  piece,  to  be  pushed  forward  by  a  spring,  and  containing 
a  small  circular  cutter,  with  teeth  on  its  circumference  like 
those  of  a  file.  Tlie  cutter  runs  horizontally ;  on  its  axis 
must  be  a  pinion,  turned  by  a  wheel,  of  some  considerable 
diameter,  and  working  in  the  same  sliding  piece.  This  wheel 
has  a  small  winch,  by  the  turning  of  which  the  teeth  are  cut. 
Ae  stop  f  being  first  fixed  in  one  of  the  holes  of  the  brsM 
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plate,  the  circle  used  being  deterouDed  by  the  number  of  teetl^ 
wanted,  and  the  cutter  brought  to  the  circumference  of  th^ 
wheel  in  the  lathe,  upon  which  it  is  to  operate.  When  ono 
tooth  is  cut,  the  stop  is  slipped  into  another  hole,  and  thfl 
process  repeated  till  all  are  completed. 

The  wheel,  and  consequently  the  nuUey  with  which  the  band 
connects  it,  is  put  in  motion  by  pusning  down  the  treadle ;  tb^ 
crank,  previously  to  the  first  push,  being  brought  nearly  to  ita 
highest  elevation.  By  the  momentum  which  the  wheel  has  thus 
acquired,  the  motion  is  continued,  when,  as  the  treadle  and 
crank  rise,  the  workman  can  exert  no  power  on  the  machine* 
As  soon  as  the  crank  begins  to  descend,  the  treadle  receiver 
another  impulse  from  the  foot,  by  the  repetition  of  which,  at 
each  revolution  of  the  wheel,  the  force  aestroyed  by  friction, 
and  by  the  tool  in  the  act  of  turning,  is  constantly  renewed. 
The  wheel  is  frequently  made  of  iron;  it  is  not  then  solid,  but 
the  rim,  which  is  of  considerable  weight,  is  connected  by  fous 
or  five  spokes  or  arms  with  a  centre-piece,  through  which 
there  is  a  square  hole,  for  the  axis  to  pass,  and  it  is  fastened 
by  thin  wedges.  When  an  iron  wheel  is  used,  the  arms  and 
centre-piece  should  be  light,  that  nearly  its  whole  weight  may 
be  iiccumulated  in  its  rim  or  circumference.  The  arms,  also, 
should  present  a  thin  edge  in  that  direction  in  which  they 
Involve,  to  lessen  the  resistance  of  the  air. 

1  iHi  toot-lathe  has  not  power  enough  for  the  turning  of  very 
heitvy  work.  It  is  therefore  converted  into  the  wheel  lathe  by 
ua'mg  a  large  fly  wheel,  (five,  six/lor  seven  feet  in  diameter,  for 
iMstance,  standing  in  a  separate  frame,  at  the  distance  of  several 
feet,  or  even  yaras,  from  the  pulley,  and  turned  by  one  or  two 
men,  who  use  both  hands  at  once  to  the  winch.  The  band,  to 
l^ive  it  greater  power  over  the  jpuUey,  is  crossed ;  that  part  of 
It  which  came  from  the  top  ot  the  wheel  consequently  goei 
directly  to  the  bottom  of  the  pulley,  and  the  men  who  turn 
can  face  the  lathe,  to  assist  them  in  knowing  when  it  is  proper 
to  stop,  which  is  necessary  when  no  contrivance  is  resorted  to 
for  stopping  the  mandrel,  without  stopping  the  great  wheels 
The  following  description  of  an  ingenious,  though  more  com* 

Slex,  method,  adopted  by  Maudslay,  an  eminent  turner  in  Loa 
on,  in  applying  the  power  of  the  I^rj^e  wheel,  is  given  in  Gre 
Sory*s  able  treatise  on  mechanics  *  The  large  fly  wheel  which 
le  men  turn,  worlds  by  a  strap,  on  another  wheel  fixed  to  the 
peiling,  directly  over  it ;  on  the  axis  of  this  wheel  is  a  larger 
one,  which  turns  anpther  small  wheel  or  pulley  fixed  to  um 
"^  ceiling  directly  over  the  mandrel  of  the  lathe ;  and  this  la^^ 
l^  on  ita  axis  a  larger  one  which  works  the  puUey  F  by  % 
pimd  of  catgut,  ^bese  latu^  wheels  are  fixed  ill  a  frame  #1 
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cast  iron,  moveable  on  a  joint;  and  thig  frame  has  always  a 
stroag  tendency  to  rise  up,  in  consequence  of  the  action  of  a 
heavy  weight;  the  rope  from  which,  after  passing  over  a  pul- 
ley, is  fastened  to  the  frame:  this  wei*;ht  not  only  operates  to 
keep  the  mandrel-band  tight,  when  applied  to  any  of  the  grooves 
therein,  hut  always  makes  the  strap  between  the  two  wheels  on 
the  ceiling  fit.  As  it  is  necessary  that  the  workman  should  be 
able  to  stop  his  lathe,  Without  the  men  stopping  who  are  turn- 
ing the  great  wheel,  there  are  two  pulleys  or  rollers,  (on  the 
axis  of  the  wheel  over  the  lathe,)  for  the  strap  coming  from  the 
other  wheel  on  the  ceiling ;  one  of  these  pulleys,  called  the 
dead  pulley,  is  fixed  to  the  axis,  and  turns  with  it,  and  the  other, 
whicn  slips  round  it,  is  called  the  live  pulley:  these  pulleys  are 

!)ut  close  to  each  other,  so  that  by  slipping  the  strap  upon  the 
ive  pulley,  it  will  not  turn  the  axis ;  but  if  it  is  slipped  on  the 
other  it  will  turn  with  it :  this  is  effected  by  a  horizontal  bar, 
with  two  upright  pins  in  it,  between  which  the  strap  passes 
This  bar  is  moved  in  such  a  direction  as  will  throw  the  strap 
upon  the  live  pulley,  by  means  of  a  strong  bell  spring ;  and  in 
a  contrary  direction  it  is  moved  by  a  cord  fastened  to  it,  which 
passes  over  a  pulley,  and  hangs  down  within  reach  of  the 
workman's  hand :  to  this  cord  is  fastened  a  weight,  heavy 
enough  to  counteract  the  bell -spring,  and  bring  the  strap  up 
to  the  deafl  pulley,  to  turn  the  lathe ;  but  when  the  weignt  is 
laid  upon  a  little  shelf,  prepared  for  the  purpose,  it  will  be 
stopped  by  the  action  of  the  spring! 

it  may  be  considered  a  difficult  and  expensive  undertaking 
to  make  an  iron  lathe  upon  the  plan  represented  by  fig.  1 ;  but  if 
the  cheeks  be  cast  in  such  a  manner,  that  the  transverse  section 
of  them,  when  placed  as  they  are  to  lie  in  the  lathe,  shall  be 
like  fig.  2,  the  projecting  parts  opposite  each  other,  and  on  the 
top,  wnich  are  all  that  need  be  filed  flat,  will  be  so  narrow  that 
the  making  of  them  true  will  be  very  materially  expedited. 
In  metallic  lathes,  it  must  not  be  concealed,  there  is  an  elastic 
tremor  which  is  disadvantageous;  but  they  admit  of  and  retain 
an  much  greater  exactness  in  their  workmanship,  they  are  so 
much  more  compact  and  durable  than  wood,  that  they  merit  a 
decided  preference,  and  the  use  of  them  is  becoming  so  general, 
that  they  will  probably,  in  a  short  time,  supersede  every  other 
kind.  In  its  nrst  cost,  if  the  business  be  set  about  in  a  proper 
manner,  an  iron  lathe  need  not  be  made  to  exceed  the  price  of 
a  really  good  wooden  one ;  a  small  quantity  of  the  cheapest  sort 
of  wood  will  make  the  patterns  for  a  large  lathe;  one  pattern^ 
for  example,  it  is  clear,  will  serve  for  both  the  uprignts,  and 
the  same  may  be  observed  of  the  cheeks,  which  are  also  both 
alike.  When  a  wooden  lathe  is  intended  for  nice  work,  it 
3.— Vol.  I.  I 
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ought  to  be  made  of  mahogany ;  but  whether  wood  or  iron  be 
the  material,  it  is  recommendable  to  make  the  cheeks  of  con- 
siderable depth. 

The  stronger  and  the  more  correct  the  workmanship  of  a 
lathe,  the  easier  it  is  to  execute  work  in  it,  with  expedition 
and  truth ;  but  good  work  may  be  performed  with  an  indifferent 
lathe,  by  taking  care  to  cut  so  little  at  a  time,  that  the  parts 
of  the  engine  may  never  be  shaken  out  of  contact. 

It  is  essential  to  a  good  lathe,  that  the  centres  of  the  collars 
of  the  mandrel,  and  the  centre  of  the  screw  in  the  moveable  or 
right  hand  puppet  head,  be  in  one  line,  parallel  to  the  bed  or 
shears.  If  the  collars  and  the  mandrel  be  truly  formed,  the 
latter,  when  the  rotation  of  it  is  slowly  made  by  the  hand, 
will  be  equally  stiff  in  every  stage  of  its  progress,  and  the 
wearing  parts,  when  examined,  will  have,  every-where,  the 
same  appearance.  When  the  mandrel  is  fitted  with  accuracy, 
the  liead  of  the  moveable  puppet,  which  must  previously  be 
finished  in  that  part  which  slides  between  the  siiears,  maybe 
drilled  in  the  following  manner:  screw  firmly  upon  the  mandrel 
a  piece  of  steel ;  turn  it  true  ;  let  the  right  hand  end  of  it  be 
made  conical  like  the  extremities  of  the  axle  of  the  wheel  K, 
fig.  1 ;  from  the  base  of  this  conical  end,  to  at  least  the  same 
extent  as  the  thickness  of  the  moveable  puppet,  at  the  part  to 
be  drilled,  let  it  be  turned  somewhat  smaller  than  the  broades^ 
part  of  the  cone.  File  the  cone,  so  as  to  leave  two  or  three 
ed^es  untouched  by  the  file,  but  which  will  cut  like  those  of 
a  drill.  Now  bring  up  the  moveable  puppet,  and  bore  it  with 
this  tool; — the  axis  ot  the  hole  produced,  will  be  in  the  same 
line  as  the  axi'^  of  the  mandrel.  While  the  puppet  is  drilling, 
the  screw  which  fastens  it  to  the  checks,  snould  be  tight 
enough  to  prevent  its  shaking,  but  not  so  tight  as  to  prevent 
its  being  impelled  forward  as  the  tool  cuts. 

It  is  not  customary,  in  foot  lathes  for  general  purposes,  tQ 
make  the  centre  of  the  collars  more  than  eight  or  nine  inches 
above  the  bed.  As  one  means  of  ensuring  perfect  steadiness, 
it  is  always  proper  to  make  them  as  low  as  the  work  intended 
to  be  done  will  admit;  but  in  the  lathe  above  described,  an 
arrangement  may  be  made  for  the  occasional  turning  of  work 
of  extraordinary  diameters.  That  part  of  the  puppets  C  D 
which  slides  between  the  cheeks,  does  not  extend  to  the  front 
of  D ;  so  that  when  these  puppets  are  turned  round,  and  J) 
stands  where  C  now  is,  the  nose  of  ine  mandrel  is  even  with 
the  outside  of  the  upright  Q.  Hence  the  body  to  be  turned  will 
be  relieved  from  the  interference  of  the  cheeks  or  the  upright, 
by  the  chuck,  or  whatever  else  is  used  to  effect  the  rotation* 
when  this  plan  is  8d'>pted,  the  method  of  fixing  the  rest,  and! 
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also  tlitf  ri^ht  hand  centre,  when  two  centres  are  wanted,  must 
be  left  to  the  jiuli^ment  of  those  who  may  require  its  assist- 
ance, as  diH'erent  workmen  will  have  different  conveniences 
for  Qccomplishing  the  same  end  ;  the  possession  of  a  substan- 
tial bench  will,  in  this  case,  relieve  one  person  from  embarrass 
ment,  while  the  proximity  of  a  wall  will  afford  stability  to  the 
fixtures  of  another. 

The  method  of  stopping  the  motion  of  the  foot  lathe,  is 
extremely  simple ;  a  considerable  piece  of  thick  canvass  or 
leather,  is  suspended  near  the  circumference  of  the  fly,  on 
tliat  side  next  the  workman,  who  presses  his  knee  upon  the 
rim,  with  the  canvass  or  leather  interposed,  and  the  momen* 
turn  of  the  wheel  is  too  inconsiderable  not  to  be  instantly 
overcome  without  difficulty. 

Fig.  3,  is  an  elevation  of  one  of  the  standards  and  feet  of 
the  loot  lathe,  shewn  endways.  The  ribs  a  b  are  merely  in- 
tended to  afford  additional  strength  to  the  standard,  which,  if 
made  a  little  stronger  than  the  proportion  here  represented, 
will  not  require  their  aid.  The  screw  by  which  the  sliding 
piece  (for  receiving  the  extremity  of  the  axle  of  the  fly,)  is 
elevated  or  depressed,  is  attachea  by  a  collar,  in  which  the 
upper  end  easily  turns  round.  That  part  of  the  standard  itself, 
iu  which  the  screw  works,  is  cast  with  a  hole  in  the  centre,  in 
jK\hich  a  brass  nut  is  afterwards  inserted. 

Fig.  4,  is  the  mandrel  separately.  When  the  mandrel  is 
not  used  as  a  traversing  one,  it  has  generally,  besides  the 
shoulder  against  which  the  chucks  are  screwed,  another 
shoulJcr  which  is  pressed  against  the  collar  of  the  middle 
pup|K't  by  a  screw ;  for  an  example  of  this  arrangement  see 
fi:j.  13.  Wlien  the  mandrel  is  not  provided  with  a  shoulder 
ol  this  hort,  it  is,  at  that  part  which  works  in  the  collar  of  the 
middle  headstock,  of  a  conical  figure,  so  that  pressing  it  for- 
ward with  the  screw  at  the  back,  will  at  all  times  produce  the 
effect  of  making  it  fit  the  collar.  But  when  this  form  is  given 
to  the  mandrel,  the  friction  in  the  collar  is  prodigiously  in- 
creased by  the  slightest  pressure  of  the  back  screw,  from  its 
operating  like  a  wed^e ;  and  it  is  difficult  to  regulate  it  in  such 
a  way,  that  the  mandrel  is  not  so  tight  as  uselessly  to  destroy 
any  part  of  the  power  applied  to  the  machine,  or  so  slack  as 
to  be  unfit  for  use.  The  nose  of  a  mandrel  is  almost  always 
screwed  externally,  for  the  reception  of  chucks,  and  is  besides 
often  furnished  with  a  souare  nole  for  the  ready  insertion  of 
small  arbors,  boring  tools,  &c.  An  inside  screw  is  much 
better  than  a  square  hole,  and,  in  lathes  of  the  best  construc- 
tion, is  also  more  common. 
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Of  Chucks. 

The  chucks  of  a  lathe  are  pieces  of  wood  or  metal,  screwed 
or  otherwise  fastened  to  the  nose  .of  the  mandrel,  and  used  to 
sustain  the  work  in  its  rotation.  Their  construction  is  varied 
very  considerably,  to  suit  different  purposes.  When  made  of 
metal,  brass  is  most  commonly  selected.  The  work,  as  the 
nature  of  it  renders  most  convenient,  is  fastened  to  a  wooden 
chuck  by  cement,  or  by  glue,  or  screwed  into  it,  or  gendy 
driven  into  a  cell  prepared  to  receive  and  hold  it  fast.  Tb 
sustain  the  latter  operation,  or  any  other  violence,  wooden 
chucks  are  hooped  with  brass  or  iron.  As  it  would  be  almost 
impossible  to  screw  a  wooden  chuck  upon  the  convex  nose  of 
a  mandrel,  and  take  it  off  as  occasion  required  during  the  pro- 
cess, without  altering  the  position,  it  is  found  much  the  best  to 
make  the  medium  of  fastening  it  to  the  mandrel  of  brass.  This 
may  be  done  in  two  ways :  one-half  of  a  solid  cylinder  of 
brass,  somewhat  thicker  than  the  nose  of  the  mandrel,  may  be 
reduced  so  as  to  leave  a  shoulder,  and  projperly  screwed  to  fit 
the  concave  screw  of  the  mandrel ;  the  remaining  part  may  then 
be  screwed  with  a  coarse  thread,  for  the  reception  of  the  chuck, 
which  is  to  be  tightly  screwed  upon  it ;  the  screw  and  the 
chuck  may  then  be  removed  together  from  the  mandrel,  as 
often  as  may  be  necessary,  and  again  screwed  on  exactly  te 
.  the  same  bearing.  It  is  proper  to  use  a  little  oil  upon  the 
thread  of  the  screw  which  enters  the  mandrel,  lest  it  be  so  fast 
that  the  position  of  the  wooden  chuck  may  alter  in  a  small 
degree  when  it  is  taken  out.  The  other  way  of  adopting  the 
intervention  of  metal,  in  securing  a  wooden  chuck,  is  still  more 
secure,  and  generally  used  for  lar^e  work :  it  consists  in  using 
a  short, hollow  cylinder  of  brass,  internally  screwed  with  the 
same  thread  as  the  external  screw  of  the  mandrel,  upon  which 
it  can  consequently  be  screwed  with  facility  at  any  time,  and 
as  easily  taken  off.     Upon  one  end  of  it  is  soldered  a  circular 

Slate  of  iron  or  brass,  so  as  to  form  upon  it  what  is  called  a 
anch,  the  diameter  and  strength  of  which  must  be  pro{k)r- 
tioned  to  the  magnitude  of  the  chuck,  and  the  weight  of  the 
work.  When  the  chuck  is  six  inches  in  diameter,  tne  diame* 
ter  of  the  flanch  ought  not  to  be  less  than  two  and  a  half  or 
three  inches.  Four  or  five  holes  are  made  near  the  circum- 
ference of  the  flanch,  for  screwy  to  pass  through,  in  order  to 
fasten  the  brass  to  the  wood. — A  wooden  chuck  is  so  liable  to 
varp,  from  changes  of*  temperature,  that  even  after  they  have 
once  been  made  true,  it  is  customary  to  turn  them  a  little 
every  time  they  are  used. 
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.  Besides  the  chucks  above  described,  there  are  several  other 
Idnds,  coiisidierably  different  in  their  form:;  some  of  the  most 
iHtfui  we  shall  describe.  Fi^.  6,  is  a  universal  chock.  It 
CMisists  of  a  short,  boUoW  cylinder^  one  end  of  which  can  be 
ttureiwed^upon  the  nose  of  the  spirirlle,  and  on  the  eircum*- 
forence,  at  equal  (Hstances  from  each  other,  and  from  the  edge 
of  the  other  end,  are  inserted  four  screws.  As  these  screws 
may  be  altered  to  any  distance  within  the  cylinder,  they  can 
be  screwed  upon  work  of  any  size  which  the  cylinder  will 
admit,  so  as  to  hold  it  while  it  is  turned. 

Fig.  6,  is  one  part  of  another  contrivance  for  holding  woiic 
of  various  siies;  it  is  used  in  conjunction  with  the  centre,  fig. 
7,  and  the  chvck  Bg.  8.  Suppose  we  have  a  bar  of  iron  to 
tttra  into  a  cyUnder;  let  the  chuck  fig.  8,  be  screwed  upon  the 
nose  of  the  mandrel,  and  the'  centre,  fig.  7v  into  it ;  then  put 
Uie  bar  a  little  way  through  the  tool,  fig.  6,  which  must  be 
fastened  thereon  by  its  screw,  so  that  if  it  be  carried  round, 
the  bar  must  revolVe  at  the  same  ^^*^e.  Suspend  the  bar,  by 
punch  holes,  at  one  end  on  the  ce&^ae  fig.  7,  and  at  the  other 
OB  the  point  of  the  screw  on  the  right  hand  puppet,  the  arm 
a  of  the  tool  fig.  6,  being  first  put  into  the  nick  of  the  chuck 
fig.  8;  the  bar  may  then  be  revolved  upon  the  two  centres, 
and  turned  with  the  greatest  facility,  in  every  part  except  that 
which  is  immediately  under  and  on  the  left  hand  of  the  tool 
fig.  6.  It  can  often  be  so  contrived,  that  the  part  thus  left 
unturned  may  be  cut  ofiT  either  in  the  lathe  or  aiterwards ;  but 
if  this  be  inconvenient,  nothing  more  is  necessary,  when  this 
part  is  all  that  remains  undone,  than  to  reverse  the  position 
ef  the  bar,  and  fasten  the  tool  fig.  6,  upon  the  finished  end ; 
we  are  then  at  liberty  to  complete  our  work.  When  there  is 
an  inside  screw  at  tl^e  end  of  the  mandrel,  the  centre  fig.  7, 
and  the  chuck  fig.  9,  are  screwed  to  fit  it;  but  when  there  is 
6nly  a  square  hole,  they  must  necessarily  possess  a  corre* 
•pondent  form. 

Hie  chuck,  fig*  9,  is  most  commonly  used  for  revolving  long 
pieces  of  wood.  Its  prongs,  which  are  sometimes  made  to 
stand  in  a  line,  and  sometimes  at  equal  distances  from  each 
other  close  to  the  circumference,  are  driven  into  the  wood ;  it 
is  then  screwed  into  the  nose  of  the  mandrel,  and  the  other 
end  of  the  wood  being  supported,  by  its  centre,  on  the  screw, 
as  in  the  last  instance,  it  is  ready  (ir  turning. 

Of  the  Boring  and  Mandrel  Collars. 

Fig.  10  is  a  boring  collar :  the  holes  are  conical,  and  their 
Mntres  are  all  precisely  at  the  same  distailce  from  the  axis  of 
the  collar.    This  collar  is  used  to  ampport  the  end  of  anj  long 
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body  which  muet  be  turned  hollow,  and  which  could  uot  be 
kept  steady  by  a  chuck.  It  is  usually  made  of  iron  or  bnuNk 
In  using  i^  iremove  the  common  rieht  hand  puppet,  and  pro-* 
Tide  another  considerably  lower.  Through  this  Tow  headstock, 
drill  a  hole  of  the  same  size  as  that  in  the  centre  of  the  boring 
collar.  The  centre  of  this  hole  must  be  in  the  same  perpen* 
dicular  line  as  the  centre  of  the  mandrel.  The  collar  is  at* 
tached  to  it,  so  as  to  face  the  end  of  the  mandrel,  by  a  screw 
with  a  button  head,  tightened  at  the  back  with  a  nut.  When 
properly  fixed,  the  centre  of  the  hole  in  the  boring  collar  it 
exactly  opposite  the  axis  of  the  mandrel,  and  when  the  largest 
hole  is  used,  and  is  therefore  uppermost,  it  entirely  clears  the 
top  of  the  headstock  to  which  it  is  affixed.  The  end-  of  the 
cylinder  to  be  bored,  being  placed  in  the  hole  which  fits  it» 
the  boring  tool  is  held  upon  a  rest  against  its  centre,  and  the 
boring  may  then  be  performed,  with  great  accuracy,  to  aay 
required  depth. 

Fig.  II,  is  a  boring  collar  with  one  apertture,  capable  of  r.  v 
justment  by  turning  the  screw  at  the  top.  As  for  work  of  dik-j 
ferent  sizes,  it  requires  to  be  fixed  at  different  heights ;  the  open- 
ing for  the  screw  which  fastens  it,  is  not  circular,  but  of  suflb* 
cient  length  to  admit  of  the  required  variation.  A  cylinder  re-t 
volvin^  in  this  boring  collar,  will  always  touch  one  point  of 
each  side  of  the  triangular  aperture,  which  is  sufficient  to  pro^ 
duce  the  requisite  steadiness  while  the  boring  is  executed. 

Fi^.  12,  is  the  collar  of  the  puppet  D.  Before  it  is  divided, 
which  is  done  with  a  fine  saw,  the  hole  for  the  mandrel  is  very 
carefully  turned.  It  is  very  common  to  make  the  collars  c2f 
lathes  with  steel ;  but  when  formed  of  an  alloy  containing  thir- 
teen or  fourteen  parts  of  copper,  to  two  or  three  of  tin,  they  have 
much  less  friction,  and  will  last  a  very  long  time,  several  yeare 
perhaps,  in  constant  use,  without  requiring  to  be  renewed.  To 
make  the  mandrel  and  its  collar  perfectly  fit,  they  may  be^ound 
together  a  little  in  their  places,  with  finely  powdered  Turkey 
hone :  emery  must  not  be  used,  as  it  would  enter  the  pores  of  the 
metals,  which  could  never  be  freed  from  it  by  cleaning. 

The  Hand  Lathe,  or  Turning  Bench. 

The  wheel  of  the  hand  lathe  is  so  situated,  that  it  can  be 
turned  by  the  left  hand,  while  the  risht  is  employed  in  hold* 
ing  the  chisel.  It  is  seldom  more  Uian  eighteen  or  twenty 
inches  in  diameter,  and  is  placed  just  behind  the  pulley  of  the 
mandrel,  so  that  the  winch,  at  its  greatest  distance,  is  within 
an  easy  reach  to  the  workman.  But  the  wheel  is  not  an  in* 
separable  part  of  the  hand  lathe;  in  which  the  rotary  motion 
of  the  worx  is  sometimes  produc^ed  by  the  drill  bow.  » 
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Fig.  13,  is  an  elevation  of  a  hand  lathe  of  the  moat  appror- 
2d  construction.  C  C  are  two  metallic  pillars,  fomly  screwed 
to  a  board  or  table  at  the  bottom,  and  at  the  top  to  the  trian- 

Sulshr  bar  6  B.  One  of  the  flat  sides  of  this  bar  is  parallel  to 
le  table,  consequently  an  angular  edge  is  uppermost.  The 
uppets  DBF  hare  angular  openings,  which  exactly  fit  the 
ar ;  two  of  them,  D  F,  are  exactly  alike,  and  an  eletatioA, 
frontwise,  of  one  of  these,  is  given  m  fig.  14.  These  puppets 
can  be  taken  off  the  bar,  without  unscrewing  the  pillars  (J  C ; 
there  is  an  aperture  on  both  sides  of  each  of  them,  a  little 
below  the  under  side  of  the  bar;  a  plate  of  iron  being  placed 
across  each  puppet,  through  these  apertures,  a  sc^ew  is  then 
passed  perpendicularly  through  the  centre  of  it  from  below. 
Dw  pressing  this  screw  a^ain&t  the  bar,  the  puppet  is  rendered 
immoveable.  The  shoulder  of  the  mandrel  is  pressed  against 
the  collar  in  the  puppet  E  by  the  screw  a,  the  end  of  which, 
like  that  of  the  manarel,  is  convex,  and  they  therefore  touch 
each  other  only  in  a  point. 

The  support,  H,  for  the  rest,  G,  is  flat  on  the  top ;  it  is 
uioveiible  uiong  the  bar,  and  fixed  exactly  in  the  same  manner 
as  the  pup])ets.  The  pillar  and  upper  part  of  the  rest,  resem- 
ble the  same  parts  in  the  foot  latne  ;  but  the  plate,  I,  to  the 
end  of  which  the  pillar  is  fixed,  has  no  aperture  through  it  for 
the  admission  of  a  bolt.  The  under  side  of  it  is,  however, 
groovexl  in  the  direction  of  its  length,  so  that  the  section  of  it, 
the  narrow  way,  resembles  fig.  16.  Hence  it  admits  the  button 
head  of  a  bolt  c,  fig.  15,  which  passes  down  the  back  «part  of 
the  support  H,  at  the  bottom  of  which  it  is  tightened  by  a  nut. 
The  plate  of  the  rest,  from  its  peculiar  formation,  can  not  only, 
like  the  plate  of  the  common  rest,  be  drawn  out,  in  a  direction 
at  right  angles  to  the  axis  of  the  mandrel,  but  can  be  turned 
round  upon  its  support  H,  a  motion  which  is  occasionally  ad- 
vantageous. It  may  also  be  observed,  that  by  slackening  only 
the  screw  which  fastens  the  support  H,  the  rest  may  be  slid- 
den  to  another  part  of  the  bar,  without  the  liability,  ?»  in  the 
usual  construction,  of  altering  its  position  otherwise  than  in 
the  direction  of  the  length  of  tne  bar. 

The  pin  b,  of  the  puppet  F«  has  a  convex  centre  at  one 
end,  and  a  concave  centre  at  the  other.  It  is  perfectly  cylin- 
drical, and  fits  equally  well  either  end  foremost.  It  is  not  itself 
screwed,  but  is  fixed  at  the  place  required,  by  a  screw  from  the 
top  of  the  puppet.  It  is  not  unusual  to  force  forward  this  pin 
by  a  screw,  which  acts  upon  it  exactly  in  the  same  wa^  as  the 
screw  a  that  prevents  the  mandrel  from  receding.  This  mode 
of  using  an  unscrewed  pin,  in  the  right  hand  puppet,  is  used  in 
lathes  of  all  sizes,  particularly  in  those- of  the  very  best  de- 
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Bcription.  It  should  be  so  perfect  a  cylinder,  as  to  be  air-tight 
in  its  socket,' either  end  foremost.  It  is,  howerer,  not  ap- 
proved by  some  workmen,  who  consider  a  screw  to  be,  upon 
the  whole,  more  convenient. 

All  the  screws,  in  the  lathe  fi^.  13,  by  which'  the  puppets 
and  collars  are  tightened,  it  will  be  noticed,  have  rings  to  tuni 
them  by.  This  form  is  more  convenient  than  the  common 
thumb  screw,  which  has  no  perforation,  as  either  the  hand  or 
anjr  small  lever  that  happens  to  be  within  reach,  can  with  eaual 
facility  be  applied,  according  to  the  tightness  with  which  tney 
must  be  fixed. 

When  a  wheel  is  used  to  this  lathe,  it  is  placed  between  two 
standards  fixed  to  a  aboard  six  or  eight  inches  broad,  which,  io 
the  direction  of  its  length,  lies  at  right  angles  to  the  bar,  and 
slides  in  an  angular  groove  at  each  side,  in  which  it  has  a  range 
of  a  few  inches,  for  the  purpose  of  tightening  the  band.  Wheol 
the  drill  bow  is  used  to  enect  the  rotation  of  the  work,  the 
mandrel  is  commonly  withdrawn,  and  a  centre  pin  substituted 
in  the  puppet  D,  similar  to  that  in  the  puppet  F.  The  me* 
thod  of  turning  upon  two  centres,  whether  the  bow  or  the 
wheel  produce  the  revolution,  admits  of  great  truth  and  pre- 
cision. 

The  vibrations  of  a  mandrel,  of  a  short  one  especially,  are 
much  to  be  dreaded ;  and  cannot  be  too  earetuUy  guarded 
against  by  accuracy  of  workmanship.  In  proportion  as  the 
length  of  a  mandrel  is  increased,  the  consequence  of  a  given 
quantitjE  of  vibration  is  diminished.  It  is  therefore  a  genenu 
rule  to  make  the  mandrel  as  long  as  will  be  convenient.  In 
a  foot  lathe,  its  length  should  never  be  less  than  fourteen  pi 
fifteen  inches. 

The  turning  benches  of  the  clock  and  watch  makerfi,  ar« 
almost  always  constructed  with  a  rectangular  bar  for  the  pup-' 
pets  to  slide  upon;  but  a  bar  of  this  sort  is  much  inferior  to  ^ 
triangular  one.  These  artists,  also,  have  frequently  no  scrctir 
upon  the  nose  of  the  mandrel,  but  merely  a  square  nole  in  the 
end  of  it.  They  have  arbors  of  various  sizes,  one  of  the  ends* 
of  which  fits  this  hole,  and  the  other  extremity  runs  upon,  a 
centre.  These  arbors  are  turned  true,  but  not  polished,  and  they 
are  slightly  conical  in  their  figure.  To  turn  wheels  and  other 
work  which  is  perforated  through  the  axis,  it  is  only  neces- 
sary to  drive  them,  with  a  few  light  blows,  upon  these  arbors, 
which,  though  driven  into  a  cylindrical  hole,  become  sufBci-) 
ently  tight  upon  them  for  the  operation. 

For  small  lathes,  which  are  exposed  to  no  very  extraordinary 
strain,  the  mandrel  may  be  made  of  cast  steel,  which  wears' 
iongci  and  more  uniformly  than  any  other  kind  of  steel 
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S'his  latbe  is  commonly  remarkable  for  the  extreme  Btmplt- 
iy  of  its  constructioa;  but  the  manner  in  which  the  body  to 
^turned  in  it  receives  motion,  forms  its  essential  character- 
istic. It  can  be  easily  made  by  any  common  artist,  at  a  small 
expense ;  it  can  be  wrought  by  one  man,  and  possesses  consi- 
derable power;  but  notwithstanding  these  important  recom- 
mendations, it  is  gradually  sinking  into  disrepute  and  rlieuse. 
As  tit  turning,  the  tool  can  only  be  applied  to  cut,  while  the 
body  upon  which  it  is  intended  to  operate  revolves  in  one  di- 
rection, the  pole  lathe,  which  produces  a  regular  alternation  of 
;ontrary  revolutions,  wastes  tne  time  of  the  workman.  This 
lort  of  molion,  which  forms  the  principal  disadiantage  inse- 
parable  from  the  nature  of  the  machine,  when  used  to  enforce 
the  action  of  edge-tools,  is  a  very  useful  one  in  some  kinds  of 
grinding  and  polishing.  Stop-cocks  and  valves  may  more 
quickly  and  effectually  be  made  water  and  air-tight  in  a  pole 
lathe  than  in  any  other  kind  of  a  lathe.  This  hint  may  be  of  ' 
considerable  use  to  experimentalists,  who  may  require  the  teni-  ' 
porary  use  of  a  lathe  motion,  for  purposes  of  this  kind,  when 
they  may  not  have  an  opportunityof  procuring  it  without  more 
trouble  and  expense  than  is  convenient.  Let  a  short  cylindri 
cal  pin  be  driven  into  a  wall,  or  fixed  piece  of  upright  timber, 
such  as  the  cheek  of  a  door ;  place  upon  it  a  pulley  which  is 
thick  enough  to  hang  a  little  over  the  end  of  it.  The  pole,  the 
treadle,  and  a  temporary  rest,  are  easily  arranged.     Let  the 

EuUey  be  used  as  a  chuck ;  they  may  then  give  their  work  the 
est  motion  that  can  be  contrived  for  it.  It  is  no£  even  ne- 
jjessary  that  the  pulley  they  use  should  be  turned.  Three  cir- 
cular pieces  of  thin  board,  one  of  them  about  ao  inch  in  dia- 
meter less  than  the  other  two,  may  be  united  by  nails  or  gini,. 
the  small  one  being  placed  in  the  middle,  and  ttiey  will  form'm 
very  tolerable  pulley,  if  bored  in  the  centre  so  as  exactly  to 
fit  the  pin.  If  not  sufficiently  near  true  on  the  face,  .the  pul- 
ley may  either  be  turned  with  almost  any  tool  that  can  be  ob- 
tained, or  the  work  may  be  accommodated  to  it  by  applying  a 
greater  thickness  of  cement  on  one  side  than  on  another.  To 
prevent  the  pulley  from  grazing  the  wall,  a  small  circular  piece  : 
should  be  put  on  the  pin  before  it,  to  serve  as  a  washer 

The  pole  lathe,  see  fig.  17,  pi,  L  consists  of  two  wooden, 
horizontal  parallel  cheeks,  with  a  space  between  them  for  the 
insertion  of  the  lower  part  or  tenon  of  the  puppets,  and  supl- 

[lorted  by  legs  or  standards  upon  the  same  plan  as  the  foot 
athe.     The  puppets,  of  which  there  are  only  two,  reach  some 
inches  below  the  chucks,  and  are  fastened  at  any  part  of  the 
-  -Vol.  I.  K 
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bed,  by  wedges,  n  n,  passing  through  mortises  near  the  lower 
ends  of  them.  The  mortises  extend  a  little  within  the  cheeks, 
otherwise  the  wedges  would  not  draw  the  puppets  tight.  The 
puppet  L  contains  a  fixed  point  or  centre,  and  the  puppet  M 
a  moveable  centre  or  regulating  screw.  Between  these  centres 
the  work  is  supported.  K  is  a. long  elastic  pole,  fixed  at  one 
extremity  to  the  ceiling,  and  at  the  other  attached  to  a  cord 
which  is  coiled  once  or  twice  round  the  body  to  be  turned,  or 
round  a  pulley  which  carries  that  body  along  with  it,  and  then 
passes  on  to  the  treadle,  to  which  the  lower  end  of  it  is  fas- 
tened. The  cord  passes  to  the  treadle  on  the  same  side  that 
it  came  from  the  pole.  It  is  of  such  a  length,  that  when  coiled 
round  the  work,  the  pole,  if  left  to  itself,  will  keep  the  treadle 
as  elevated  as  the  workman  finds  convenient.  When  the 
treadle  is  pressed  down  by  the  foot,  the  redaction  of  the  pole 
elevates  it  again,  the  moment  that  pressure  is  forborne,  and 
the  backward  and  forward  revolutions  of  the  piece,  round 
which  the  cord  is  coiled,  necessarily  follow. 

As  it  is  evident  that  the  workman,  in  pressing  down  the 
treadle,  has  to  overcome  the  resistance  of  the  pole,  the  strength 
of  the  latter  should  not  be  more  than  sufficient  to  produce  the 
inmiediate  elevation  of  the  treadle,  otherwise  he  will  uselessly 
waste  his  strength. 

When  the  pole  lathe  is  used,  a  groove  for  the  cord  must  be 
turned  at  one  end  of  the  work  as  early  as  possible ;  or  a  perfo- 
rated pulley  may  be  placed  upon  the  fixed  centre,  and  th« 
work  connected  with  tt  in  the  manner  already  described  for 
connecting  the  tool,  fig.  6.  with  the  chuck  fig.  8.  As  simplicity 
of  workmanship  so  generally  distinguishes  this  lathe,  a  nail, 
of  sufficient  size,  bent  in  the  middle  to  a  right  angle,  one  end 
of  it  passing  into  a  nick  in  the  pulley,  and  the  other  driven 
into  tne  piece  to  be  turned,  may  be  mentioned  as  a  contrivance* 
still  more  in  character,  and  not  unfrequently  used  by  the 
humble  provincial  artist. 

Though  the  pole  lathe  has  been  described,  as  it  is  generally 
found,  made  of  the  cheapest  materials,  and  in  the  simplest 
manner,  yet  it  must  be  obvious  to  the  reader,  that  there  is  no 
impediment  to  its  being  made*  of  metal,  with  all  the  excellenoe 
of  workmanship  so  often  bestowed  upon  other  lathes,  but  that 
of  incurring  too  much  expense  for  a  machine  of  circumscribed 
utility. 

The  rest  mostly  used  to  this  lathe,  is  similar  to  that  for  tht 
foot  lathe,  fig.  1. 
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Of  the  Tools  used  in  Turning, 

To  describe  the  various  tools  used  among  the  different  de- 
scriptions of  turners,  would  be  impossible.  They  are  so  infi- 
nitely diversified  in  form  and  size,  according  to  the  necessities, 
the  ingenuity,  and  often,  no  doubt,  even  the  stupidity,  of  those 
who  use  them,  that  a  volume  would  not  suffice  to  do  they^i  jus* 
tice*  Mechanics  are  apt  to  consider  the  tools  of  their  owr 
invention  the  best  of  any,  and  this  attachment,  not  to  lay 
bigotrv,  is  often  ftccompanied  with  a  silly  attempt  to  conceal 
from  their  neighbours  the  benefits  of  their  amazing  discoveries 
as  to  the  best  form  of  a  chisel.  But  though  we  may  not  ex- 
hibit many  of  those  peculiar  forms  of  tools,  upon  which  par- 
ticular artists  are  disposed  to  pride  themselves,  we  shall  not 
omit  those  most  essential  and  adequate  to  the  execution  of 
every  description  of  work. 

The  handles  of  turning  tools,  it  may  be  premised,  must  be 
varied  in  size  according  to  the  manner  in  which  they  are 
intended  to  be  held.  For  heavy  work,  when  the  lathe  is  turned 
by  machinery,  or  by  men  at  the  ereat  wheel,  they  must  be 
long  enough  to  reach  to  the  shoulaer,  upon  which  one  end  of 
them  must  rest  in  the  act  of  turning,  besides  being  held  hv 
both  hands  at  the  same  time.  In  using  the  foot  lathe,  the 
tools  are  held  by  the  two  hands  only,  and  their  handles  are 
seldom  more  than  half  the  length  necessary  in  the  former  in- 
stance. In  using  the  hand  lathe,  as  one  hand  is  employed  in 
turning  the  wheel,  the  handles  of  the  tools  need  not  be  longer 
than  what  can  be  comprised  in  the  other. 

In  turning  wood,  the  gou^e,  fig.  13,  pi.  III.  is  the  first  tool 
used,  as  no  other  will  so  quickly  reduce  its  irregularities.  Its 
catting  edge  is  rounded;  in  using  it,  the  rest  is  generally  on  a 
level  with  the  axis  of  the  work,  and  its  handle  is  inclined 
downwards,  so  that  its  cutting  edze  is  considerably  above  the 
axis.  As  gouges  are  made  of  all  sizes,  they  are  useful  in 
making  a  variety  of  concave  mouldings. 

The  chisel  follows  the  use  of  the  gouge ;  its  cutting  edge  is 
oblique  to  its  sides,  and  formed  by  bevelling  both  the  upper  and 
under  surface,  so  as  to  make  it  in  the  middle  of  the  thicicness  of 
the  tool.  In  using  it,  the  rest  is  elevated  considerably  above 
the  axis  of  the  worK,  so  that,  though  held  with  a  less  inclination 
than  the  gouge,  its  edge  operates  on  a  higher  part  of  the  surface. 
The  cutting  edge  of  broad  chisels  is  commonly  made  a  little  con- 
vex. The  gouge  and  the  chisel  are  the  only  tools  held  above 
the  level  of  the  axis ;  and  the  chisel  is  the  only  tool,  the  edge  of 
4rhich  is  formed  by  its  being  bevelled  on  both  sides.  Fig.  14. 
No.  1,  is  the  front,  and  No.  2,  the  profile  of  the  chisel. 
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Fig.  15,  is  a  right-side  tool,  with  two  cutting  edges,  viz.  a 
side  edge  and  an  end  edge,  so  as  to  cut  at  once  botn  the  bot- 
tom and  the  side  of  a  cavity.  When  it  is  used,  the  bevel 
which  forms  the  edge  is  downwards. 

A  leftside  tool,  the  side-edge  of  which  is  opposite  to  that 
last  mentioned,  is  useful  in  smoothing  the  left  external  sur- 
face of  spheres,  and  other  rotund  figures. 

Fig.  16,  the  round  tool.  Though  the  gouge  is  ^nerally 
used  to  form  and  sometimes  to  finish  concave  mouldings,  yet» 
as  it  is  very  difficult,  in  whetting,  to  give  it  a  regular  con- 
vexity, the  round  tool,  which  may  be  formed  with  considerable 
exactness,  is  a  useful  assistant  K)r  the  same  purpose. 

Some  workmen  chuse  to  have  point  toots,  6e<  ^g.  17,  for 
making  nicks  or  small  mouldings,  as  well  as  hui^ihing  the 
shoulders  and  fiat  ends  of  work;  while  others,  instead  of 
them,  use  the  sharp  corners  and  arrises  of  the  chisels. 

The  tools  included  under  the  general  term,  inside  tools,  for 
turning  out  hollows  and  cups  of  all  descriptions,  exhibit  the 
greatest  variety  of  shapes,  and  exercise  most  the  judgment  of 
the  artist,  in  suiting  them  to  his  wants.  The  forms  exhibited 
in  fig.  18,  19,  20,  21,  and  22,  are  some  of  the  most  useful. 

The  parting  tool,  fig.  23,  is  used  for  making  deep  incisions, 
and  cutting  off  any  part  of  the  work. 

The  drill,  for  making  holes,  is  variouslj^  applied.  It  may 
be  used  along  with  the  boring  collar ;  or  it  may  be  screwed 
upon  the  mandrel,  and  the  work  held  against  it ;  or  the  latter 
arrangement  may  be  reversed,  and  the  work  being  fastened  to 
a  chuck,  the  drill  may  be  held  against  it,  while  the  tool  is 
steadied  upon  the  rest.  The  drill  is  sometimes  formed  so  as 
to  resemble  half  a  hollow  cylinder,  but  its  section  is  a  eras* 
cent,  and  its  edges  are  moderately  sharp.  Its  end  is  nearly 
like  the  mouth  of  a  tea-spoon,  and  its  hollow  is  greater  thaa 
that  of  a  gouge  of  the  same  breadth.  This  sort  of  a  drill  is 
used  for  small  holes,  but  it  is  apt  to  turn  so  ill  upon  its  point 
as  to  bore  awry.  The  drill,  fig.  24,  is  therefore  used  in  pre* 
ference,  especially  for  large  holes. 

The  use  of  the  outside  screw-tool,  fig.  25,  and  the  inside  scrtUH 
tool,  fig.  26,  are  explained  in  the  section  on  turning  screws. 
It  is  obvious  that  the  work  ought  to  be  turned  very  true, 
before  they  .are  applied. 

Turning  gravers,  triangular  and  square  tools,  with  various 
other  nameless  sorts,  the  contrivance  of  individual  skill,  are 
used  in  turning  hard  bodies,  such  as  bone,  ivory,  and  metals. 
When  the  turning  graver,  fig.  27,  is  used,  it  is  the  first  tool 
taken  to  iron  and  steel.  The  tool,  fig.  28,  of  which  No.  I  is 
the  front  and  No.  2  the  profile,  is  often  xmvd  instead  of  ilit 
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gnirer,  and  cuts  extremely  well,  but  is  not  so  easily  managed 
with  one  hand.  Triangular  and  square  tools,  are  denominated 
from  their  respective  sections  beine  of  these  figures.  They  are 
llM  at  the  end.  The  former  have  three  cuttine  edges,  viz.  each 
arris  in  the  direction  of  their  length ;  the  Tatter,  which  are 
ffic^y  used  for  turning  brass,  have  four,  viz.  each  arris  at  the 
extremity.^  In  a  powerful  lathe,  the  tool,  fig  29,  is  a  very 
useftd  one  for  iron.  It  is  fiat  at  the  end,  and  has  four  cutting 
edges,  all  alike.  It  cuts  too  keenly  for  a  small  lathe,  ana 
requires,  besides,  two/hands  to  hold  it;  but  with  two  hands, 
as  one  edge  can  be  pressed  upon  the  rest,  it  may  be  held 
remarkably  steady. 

To  describe  the  use  of  the  tool,  fig.  30,  may  afibrd  a  fami* 
Kar  illustration  of  the  advantage  attending  a  proper  adaptation 
of  the  figure  of  the  tool  to  the  work.  It  is  intended  to  turn 
the  flat  heads  of  the  small  brass  nails  used  in  fastening  the 
sheathing  upon  ships.  These  nails  are  little  more  than  an 
inch  long,  and  as  a  very  trifling  charge  is  made  for  turning  the 
heads,  the  operation  requires  to  be  performed  with  proper* 
tionate  expedition.  A  square  hole,  which  just  admits  the 
shank  of  the  nail,  is  made  in  the  end  of  the  mandrel ;  the  nail 
is  placed  in  this  hole,  the  fly  wheel  set  a-goine,  and  the  tool, 
fig.  30,  applied  so  that  the  notch  shall  touch  the  rim,  and  the 
lower  part  of  the  tool  the  face  of  the  head ;  then  as  the  parts 
of  thf  tool  thus  applied,  have  both  cutting  edges,  the  rim  and 
fece  of  the  head  are  both  instantly  turned,  while  the  nail  is 

Srevented  from  flying  out  of  the  lathe. — ^When  one  nail  is 
one,,  another  is  inserted  without  stopping  the  fly  wheel,  and 
thus  several  hundreds  may  be  done  in  an  hour. 

Of  the  Parallel  Rest. 

If  a  tool,  opposed  to  any  body  revolving  in  a  lathe,  be 
drawn  along,  parallel  to  the  axis  of  the  mandrel,  a  cylinder 
will  be  produced ;  if  it  move  in  a  line  forming  an  angle  with 
the  axis  of  the  mandrel,  a  conical  figure  will  be  obtained;  and 
if  it  operate  at  right  angles  to  the  same  axis,  a  flat  surface  wUl 
be  the  result.  Ine  machine  in  which  a  turning  tool  is  fixed, 
to  produce  these  effects,  as  it  is  frequently  applied  to  tlie 
turning  of  parallel  surfaces,  has  occasionally  obtained  tile 
name  of  the  Parallel  Rest. 

Viz.  31,  pi.  III.  is  a  perspective  view  of  the  parallel  rest, 
which  must  be  wholly  made  of  iron.  It  consists  of  two  parallel 
cheeks,  like  a  lathe,  but  the  standards  B  B,  are  very  shorty  as 
the  whole  height  of  the  machine  to  the  chisel  F,  must  not  be 
more  than  that  of  the  axis  of  the  mandrel  from  the  bed  of  the 
tfttihe  in  which  it  is  intended  to  be  used.    The  standards,  B  B, 
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are  firmly  screwed  to  a  strong  plate  C  C^  or,  what  is  still  better^ . 
cast  in  the  same  piece  with  that  plate.  The  cheeks  are  united 
to  the  standards  by  four  screws,  in  the  same  manner  as  those 
of  the  foot  lathe  already  described.  The  lower  part  of  the 
headstock  D  fits  the  space  between  them,  in  the  most  accu- 
rate manner,  so  that  it  cannot  be  thrown  askew,  but  yet  is  not 
so  tight  as  to  prevent  its  free  horizontal  motion,  if  at  any 
time  it  is  founa  too  slack,  it  may  be  tightened  by  a  screw  a,  • 
at  the  bottom  of  it. 

The  lower  part  of  the  interior  side  of  each  cheek  is  cham- 
fered, and  the  plate  through  which  the  screw  a  passes,  to  act 
upon  the  headstock,  slides  between  the  chamfered'  portion  of 
the  cheeks.  This  arrangement  is  shewn  in  the  section,  fig.  32; 
a  is  the  headstock ;  b  b  the  cheeks ;  c  the  plate  through  which 
the  screw  passes,  and  in  which  there  is  no  screw  thread  re- 

Juired;  d  the  tightening  screw.  On  the  top  of  the  headstock 
^  fig.  31,  there  is  a  rectangular  groove  for  the  chisel  F,  which 
is  fixed  in  any  part  of  it  by  a  pfate  or  cap  on  the  top  of  the 
headstock.  This  plate  or  cap  is  fastened  down  by  screws, 
passing  perpendicularly  through  it;  two  screws,  in  this  situa- 
tion, are  sufficient  for  a  small  machine,  but  four  will  be  re* 
quired  for  a  large  one. 

To  efiect  the  horizontal  motion  of  the  headstock  D,  a  screw 
E,  the  nut  of  which  is  in  the  standard  B,  is  connected  with  it 
by  means  of  a  collar,  and  by  turning  the  winch  b  of  this  sc^ew^ 
the  motion  required  is  produced.  The  screw  must  be  long 
enough  to  push  the  heaastock  to  the  further  end  of  the  space 
between  the  cheeks,  and  it  is  advisable  to  make  its  thread  a 
fine  one,  particularly  when  iron  is  intended  to  be  tume3  with 
the  machme,  in  order  that  the  motion  communicated  to  the 
headstock  may  with  greater  facility  be  made  very  slow  and 
uniform. 

In  adjusting  the  machine  to  the  lathe,  the  strong  iron  plate 
H  I,  fig.  33,  is  made  use  of.  There  are  two  wide  grooves  m  it, 
g  g,  by  which,  with  the  help  of  two  bolts,  it  is  fastened  upan 
the  lathe,  in  the  manner  of  a  rest.  The  heads  of  the  bolts  most 
not  project  above  the  surface  of  the  plate ;  ttierefore  the  grooves 
must  be  considerably  wider  at  the  top  than  the  bottom,  and  the 
heads  may  then  be  countersunk.  On  the  plate  H  }  are  also 
three  immoveable  cylindrical  pins,  h  i  k,  all  of  them  screwed  at 
the  top  and  fitted  with  nuts.  In  using  the  machine,  the  plate 
CC,  fie.  31,  is  placed  on  the  plate  H  I,  fig.  33,  so  that  the 
pins  of  the  latter  enter  the  apertures  Imn  ot  the  former.  The 
middle  pin  exactly  fills  the  middle  aperture,  and  upon  it  as  a 
centre,  trom  the  width  of  the  other  apertures,  the  machine  has, 
without  moving  the  lowermost  plate,  fig.  33,  a  short  range 
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back  and  forward,  until  the  nuts  in  it  are  screwed  down  upon 
the  upper  plate  C  C,  fig.  31.  Now  suppose  a  bar  of  iroa,  in- 
tended to  be  formed  into  a  cylinder,  be  put  into  the  lathe,  let 
the  machine  be  fixed  so  thtit  its  cheeks  may  be,  as  nearly  as 
can  be  ascertained,  parallel  to  the  axis  of  the  intended  cylin- 
der, at  the  left  hand  end  of  which  place  the  tool  so  that  it  shall 
take  off  a  slender  shaving.  Set  the  lathe  to  work,  and  slowly 
turn  the  winch  b,  till  the  tool  has  completely  traversed  the 
bar.  Repeat  the  operation,  if  necessaiy,  till  the  irregularities 
in  the  figure  of  the  bar  are  removed,  and  the  tool  has  touched 
every  part  of  the  surface ;  then,  with  a  pair  of  callipers  or  a 
guage,  examine  whether  the  bar,  at  both  ends,  is  of  equal  dia- 
meter; if  any  inequality  appear,  the  rest  has  not  been  set  pa* 
rallel  to  its  axis,  and  it,  consequently,  is  not  a  cylinder.  The 
matter  is  rectified  by  slackening  the  nuts  of  the  pins  Aii,  and 
pushing  in  that  side  of  the  rest,  which  is  opposite  the  thick 
end  of  the  bar,  just  half  the  extent  of  the  error.  The  nuts 
being  then  screwed  down,  and  the  tool  made  to  traverse  the 
surface  again,  the  cylinder  will  be  completed. 

As  it  has  been  supposed  that  the  bar  was,  in  the  first  instance, 
by  some  oversight  or  other,  turned  rather  conical,  the  method 
of  making  a  regular  cone  with  the  parallel  rest,  when  occasion 
requires,  needs  no  explanation.  When  ^  flat  surface  is  to  be 
turned,  it  must  be  well  secured  to  a  chuck,  the  machine  fixed 
across  the  bed  of  the  lathe,  and  the  cutting  edge  of  the  chisel 
F  precisely  on  a  level  with  the  axis  of  the  mandrel,  or  some 
part  of  the  centre  will  remain  unfinished.  The  tool  may  be 
made  to  cut  with  so  much  exactnesf^,  that  if  the  face  of  a  rect- 
angular block  of  cast  iron  were  attempted  to  be  turned  flat 
wiUi  it,  the  edges  will  not  be  jagged,  wnen  the  circle  of  revo- 
lution, extending  beyond  the  shorter  diameter  of  the  piece,  is 
not  complete. 

When  the  chisel  F,  in  the  parallel  rest,  requires  to  be  moved 
a  little  further  in,  some  chuse  to  alter  it  by  percussion,  and 
keep  it  only  so  tight  that  the  blow  of  a  moderately  sized  ham- 
laer  will  drive  it  in ;  others  think  it  better  to  regulate  it  by  a 
screw,  and  provide  a  frame  for  the  back  of  it,  similar  to  that 
at  the  back  of  the  nuppet  D,  fig.  13,  pi.  I.  in  which  the  screw 
s  acts  upon  the  end  of  the  mandrel. 

Hie  section  of  the  cheeks  of  the  parallel  rest,  to  abridge 
the  labour  of  filing,  may  be  made  to  resemble  that  proposed 
for  Ike  cheeks  of  the  foot  lathe,  fig.  2,  pi.  L 
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Of  cutting  Scretas  in  the  Lathe. 

The  art  of  cutting  screws  ia  the  lathe,  constitutes  one  of 
the  most  carious  and  useful  branches  in  the  art  of  Turning. 
Accordingly,  it  generally  proves  one  of  the  most  interesting 
exercises  to  the  youn^  practitioner,  who  is  further  stimulated 
by  the  celebrity  of  those  who  can  cut  every  description  of 
screw  with  facility, — an  attainment  commonly  considered^ 
among  turners,  one  of  the  most  decisive  proofs  of  skill  that 
can  be  exhibited. 

In  proportion  as  the  art  of  cutting  screws  has  been  culti* 
vated,  the  methods  by  which  the  object  might  be  accomplished^ 
have  been  diversified.  We  shall  notice  some  of  those  contri- 
vances which  are  least  expensive,  most  easily  reducible  to 
practice,  and  most  suitable  for  general  use. 

If  the  screw-tool,  fig.  25,  be  opposed  to  a  cylinder  revolv- 
ing in  a  lathe,  and  at  the  same  time  be  moved  along  the  rest» 
with  a  regular  horizontal  motion,  it  will  cut  a  screw  on  that 
cylinder,  the  threads  of  which  will  fill  the  angular  spaces 
between  the  teeth  of  the  tool.  Fig.  25,  is  an  outside  screw- 
tool;  if  the  cylinder  had  been  hollow,  and  intended  to  be 
screwed  internally,  the  inside  screw-tool,  fig.  26,  must  have 
been  employed,  which,  when  pressed  against  the  side  of  the 
cavity,  while  drawn  out  horizontally  as  the  cylinder  revolved^ 
would  have  produced  the  desired  effect.  There  is  some 
difficulty  in  acquiring  the  art  of  cutting  screws  in  this 
manner,  though  the  process  is  in  very  general  use  among 
'sxperienced  turners.  To  obviate  every  disadvantage  whicft 
jLttends  it,  and  ensure  perfect  precision  in  the  operation^ 
<4^aa.  the  object  of  the  invention  of  the  traversing  man* 
drel.  Of  this  ingenious  contrivance,  we  shall  next,  thertr* 
fore,  endeavour  to  give  the  reader  a  description.  At  thf» 
end  of  the  mandrel  E,  at  e,  fig.  1,  pi.  I.  there  is  a  screw 
about  two  inches  long,  the  thread  of  which  is  like  that  intend- 
ed to  be  made.  Upon  this  screw,  called  the  guide,  is  fitted  a^ 
piece  of  wood,  the  motion  of  which  is  entirely  prevented  hjr 
any  mode  of  fastening  which  may  be  foun<^  convenient.  ThJe 
piece  of  steel  on  the  headstock  C,  which  ills  into  the  groo<ve 
of  the  mandrel,  and  hinders  its  horizo)  <U  movement,  beia^ 
Aen  withdrawn,  and  the  great  wheel  turned,  the  uaadrel 
aMumes  at  once  a  rotary  and  rectilinear  motion,  which  ia  ooik  * 
tinned  till  it  has  gone  so  far,  that  the  screw  e  can  na  lottgftt 
turn  in  the  piece  of  wood.  If,  as  soon  as  this  circumstance 
occurs  or  a  little  sooner,  the  great  wheel  be  turned  the  con* 
trary  way,  the  rotary  and  rectilinear  motion  of  the  mandrel  im- 
mediately takes  place  again,  but  in  a  reversed  direction.    This 
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tpound  motion  of  the  mandrel,  is  precisely  what  is  wanted 
to  fiicilitate  the  use  of  the  screw-tool,  which,  while  it  is-.going 
on,  only  requires  to  be  held  steadily  upon  the  pest,  against 
the  revolving  body,  and  the  screw  will  be  produced.  The 
tteih  of  the  screw-tool  must  correspond  with  the  screw  upon 
tlie  mandrel,  as  if  it  had  been  made  by  holding  it  against  that 
sctew  revolving  in  a  lathe. 

it  is  customary  to  cut  -threte  or  (out  screws,  of  different 
tbreads,  one  behind  another,  upon  a  traversing  mandrel,  as  a 
sinele  one  would  only  be  of  limited  use.  But  even  as  three 
or  ipnr  screws  are  often  insufficient  to  meet  the  wants  of  the 
artist,  and  the  length  of  so  many  together  is  awkward  and 
inconvenient,  it  is  better  to  make  a  concave  screw  1 1  the  ena 
of  the  mandrel,  to  which  any  variety  of  convex  or  guide  screws 
may  then  be  alternately  attached. — ^The  revolution  of  the  guide 
screw,  without  the  mandrel,  may  be  prevented  by  a  i»crp\v  a 
near  the  end  of  the  latter. 

In  cutting  screws,  the  proper  motion  cannot  be  communis 
cated  from  a  fly  wheel  to  the  mandrel  by  means  of  the  foot 
acting  upon  a  treadle.  If  a  fly  wheel  be  used,  it  must  be 
tamed  backwards  and  forwards  by  a  winch,  through  a  spi^ce 
proportionate  to  what  the  guide  screw  will  allow,  so  that  two 
persons  will  be  required  for  the  operation.  But  to  cut  screws 
in  a  foot  lathe,  the  fly  of  which  is  unprovided  with  a  winch, 
and  to  render  one  person  adequate  to  the  performance,  a  cord 
descending  from  a  spring,  as  in  the  pole  lathe,  is  coiled  round 
the  pulley  of  the  mandrel,  and  attacked  to  the  treadle,  the 
range  of  which  may  be  suited  to  the  occasion. 

With  respect  to  the  mode  of  fastening  the  wood  in  which  the 
gtride  screw  turns,  a  word. may  be  expected.  Let  a  stock  or 
horizontal  piece,  to,  be  screwea  to  or  cast  along  with  th,e  head- 
stock  C ;  let  the  end  of  it  be  tapped  to  receive  the  screw  x, 
which  must  be  taken  out  previously  to  fixing  the  wood  upon 
the  guide  screw  e.  When  the  wood  is  in  its  proper  place  upon 
the  guide,  it  must  hang  down  over  the  end  of  the  stock  w,  and 
there  must  be  a  hole  in  it  just  large  enough  to  admit  the 
screw  X,  by  which  it  can  then  be  made  perfectly  secures. 

The  use  of  the  traversing  mandrel  will  probably  in  a  little 

time  give  way  to  that  ofl  the  traversing  chuck,  which  was 

invented  by  Robert  Healy,  A.  B.  of  Dublin,  and  a  description 

of  it,  communicated  by  him,  inserted  in  the  Philosopnical 

Magazine.     On  the  common  mandrel  A,  fig.  1,  pi.  IV.  is 

screwed  the  chuck  B,  to  which  may  be  screwed  the  chucks 

of  the   lathe,  as  R.      On  the  outside  of  this  chuck  B,  is 

tamed  a  screw,  which  is  fitted  to  an  inside  screw  worked 

itf  the  circuhir  block  C,  from  which  block  extends  an  arm  D, 
d VfM    T  J. 
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as  long  as  may  be  thought  fit  for  the  purpose  of  permitting 
another  arm  E,  to  slide  up  and  down  it;  a  piece  of  iron  should 
be  screwed  to  the  circular  block  C>  of  such  a  length  as  to  be 
capable  of  moving  in  a  groove  that  may  be  cut- in  the  collar^ 
or  adapted  to  it*  This  piece  of  iron  should  be  regular  in  its 
shape,  and  well  fitted  to  the  groove ;  it  is  intended  to  prevent 
the  block  C,  from  being  turned  round,  and  to  allow  it  onlya 
steady  rectilinear  motion.  The  rest,  G  F  O,  must  not  stand 
as  usual  parallel  to  the  work,  in  cutting  an  outside  screw;  but 
at  right  angles,  as  when  an  inside  screw  is  to  be  cut,  in  order 
that  the  further  ariA  of  the  rest  F,  may  be  joined  to  the  end  of 
the  second  or  intermediate  arm  E.  It  is  necessary  that  ^this 
second  or  intermediate  arm  E,  be  capable  of  fastening  firmly 
the  first  arm  D,  to  any  part  of  the  rest,  G  F;  it  must  also  have 
a  joint  at  each  end  to  admit,  in  a  horizontal  plane,  its  free 
play.  Thus,  as  the  lathe  turns  to  us  or  from  us,  the  arms  must 
traverse  forwards  or  backwards  ;  which  gives  a  similar  motion 
to  the  tool  H,  that  is  held  steadily  or  fixed  with  a  screw  on 
the  further  arm  F,  of  the  rest ;  and  thus  a  screw  is  cut  with  a 
tool  of  a  single  point.  It  is  unnecessary  to  mention,  that  no 
joggling  should  arise  from  the  motion  of  the  arms,  as  thai 
would  cause  a  failure  in  cutting  a  perfect  screw.  If  the  centre 
of  the  rest  should  be  drawn  nearer  to  us,  and  by  that  means 
bring  the  tool  closer  to  the  intermediate  arm  E,  then  a  screw 
of  a  much  larger  size  will  be  cut ;  for  as  the  rest,  turning 
within  its  socket  (the  thumb-screw  for  fixing  it  in  the  pillar, 
being  in  this  operation  always  withdrawn,)  moves  on  a 
centre,  the  further  the  tool  is  moved  from  this  centre,  the 
greater  will  be  the  radius  of  the  circle  described,  and  conse- 
quently the  coarser  will  be  the  screw ;  and,  vice  versa,  the 
nearer  the  tool  is  brought  to  the  centre,  the  smaller  will  be 
the  radius  of  the  circle,  and  thus  the  screw  will  be  finer. 
Should  the  intermediate  arm  E,  be  connected  with  the  nearer 
arm  of  the  rest  G,  and  the  tool  held  on  the  further  one 
F,  then  a  left-handed  screw  will  be  cut,  of  a  thread  the 
distance  between  the  turns  of  which  will  vary  accord- 
ing to  the  distance  of  the  point  at  which  the  tool  is  held 
between  the  centre  and  extreme  end ;  for,  as  the  lathe 
turns  to  us,  the  arms  receive  a,  forward  motion,  except 
the  further  arm  F,  of  the  rest,  which  receives  a  backward 
motion ;  but  when  the  lathe  turns  from  us,  then  the  further 
arm  receives  a  forward  motion ;  and  as  the  tool  meets  the 
wood,  so  it  cuts  a  lefl-handed  screw. 

It  may  be  apprehended  that  a  piece  of  wood  so  far  removed 
from  the  collar  K,  might  spring  its  motion ;  but  this  mav  be 
obviated  by  not  making  use  of  the  traversing  chuck  B,  till  the 
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•crew  is  to  be  turned ;  for  as  the  cutting  of  it  is  light  work, 
there  will  be  little  resistance,  and,  of  course,  but  little  spring;. 
or  the  traversing  screw,  B,  may  be  turned  on  the  mandrel  A. 
Another  disadvantage  would  seem  to  arise  from  the  impossi- 
bility of  cutting  screws  when  the  puppet  head  is  made  use  of, 
to  prevent  the  springing  of  a  long  piece  of  wood.  But  this 
may  be  obviated  by  lengthening  the  intermediate  arm  £,  to 
the  part  where  we  intend  cutting  the  screw,  and  thus  we  have 
the  same  screw  as  that  of  the  traversing  one:  if  a  finer  or 
coarser  screw  should  be  required,  then,  by  having  an  arm  of 
the  rest  to  slide  in  and  out,  and  the  intermediate  arm  to  be 
connected  with  the  centre  of  the  rest,  we  have  just  the  same 
power  of  turidin^  screws  as  in  the  former  case.  A  socket  S, 
16  represented,  the  lower  part  of  which  slides  on  the  rest,  and 
may  be  fastened  firmly  to  it  by  a  screw :  the  upper  part,  that 
turns  on  a  pivot,  admits  the  intermediate  arm  to  slide  through 
it,  which  arm  is  held  stationary  in  it  by  a  screw. 

If  the  rest  were  to  make  a  right  angle  with  the  piece  of  wood 
on  which  the  screw  was  to  be  tin  iied,  at  the  commencemeni  ot 
the  process,  and  to  become  parallel  to  it  when  the  screw  was 
finished,  an  approximation  would  take  place  fromalart^er  thread 
to  a  smaller,  or  vice  versa ;  but  it  is  impossible  for  the  rest  to 
become  parallel  to  the  work,  from  the  connection  of  the  arms. 
Now  let  the  traversing  arm  D,  lie  in  the  centre  of  the  screw  B, 
on  which  it  plays,  and  let  the  rest  make  a  right  angle  with  the 
wood  on  which  we  intend  to  cut  the  screw.  The  rest  may 
traverse  thirty  degrees  on  either  side  of  the  right  angle ;  wjiicn 
will  not  cause  any  sensible  approximation  in  the  thread,  and 
will  admit  a  motion  sufficiently  extensive  for  turning  the  com- 
mon length  of  screws.  But  as  the  method  answers  for  a  short 
screw  of  a  few  turns,  that  is  sufficient  for  every  purpose ;  for, 
in  order  to  make  a  long  screw,  there  may  be  three  different 
ways  of  accomplishing  our  object : 

1st,  At  the  commencement,  the  rest  stands  at  right  angles 
with  the  wood  on  which  the  screw  is  to  be  cut;  by  its  describ- 
mg  an  arch  of  a  few  degrees,  a  short  screw  is  cut ;  then  by 
bnnging  back  the  rest  to  its  original  angle,  the  right  one,  and 
sliding  forward  the  single  pointed  tool  to  the  last  thread  of 
the  screw  that  was  just  cut,  we  proceed  to  any  length  by  re- 
peating the  same  process. 

2ndly,  When  one  or  two  threads  of  a  screw  are  cut  by  mak 
ing  use  of  a  common  screw  tool,  the  most  unskilful  hand  will 
be  able  to  continue  the  screw  to  any  length. 

3dly,  Should  a  side  tool  with  many  teeth,  instead  of  the 
•ingle  pointed  one,  be  made  use  of,  a  screw  of  any  length 
may  be  cut,  the  rest  describing  its  usual  arch* 
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Elliptic  TntTung. 

PL  II,  exhibits  perspective  views  and  eleyations  of  the  appa- 
ratus for  elliptic,  or  (as  it  is  vulgarly  called)  oval  turning.  An 
oval  is  smaller  at  one  end  than  the  other,  like  an  egg,  and  there- 
fore differs  essentially  from  an  ellipse.  In  all  the  different 
figures,  1,  2,  5,  6,  7,  and  8,  the  same  letters  refer  either  to  the 
same  thin^,  or  to  corresponding  parts  of  the  machine. 

Fig.  1,  IS  a  front  view  of  the  machine.  I K  is  the  principal 
iron  plate,  to  which  all  the  subordinate  parts  of  it,  except  the 
ring,  (afterwards  described,)  are  affixed.  A  short  screw  W,  is 
riveted  or  soldered  to  this  plate,  upon  which  the  material  to 
be  turned  must  be  fastened,  either  with  or  without  the  inter- 
vention of  a  chuck,  as  the  nature  or  form  of  it  dictates.  This 
screw,  to  raise  the  back  or  lower  part  of  it  above  the  level  of 
the  plate  I  K,  has  a  shoulder,  which  affords  a  useful  bearing 
to  whatever  is  screwed  upon  it)  and  prevents  the  inconve- 
nience which  would  otherwise  arise  from  the  projecting  heads 
of  the  screws  xxxx. 

Fig.  2,  exhibits  the  various  parts  of  the  machine  on  the  bacl^ 
of  the  plate  I K,  at  each  of  the  four  comers  of  which  there  is 
a  short  square  pillar,  on  the  summits  of  which  are  placed  the 
letters  of  reference,  dddd.  Within  these  pillars,  are  placed 
two  narrow  side  ribs  or  pieces  of  steel,  ff,  which  reach  the 
whole  length  of  the  plate  I  K.  Each  of  these  pieces,  on  the 
side  opposite  the  other,  is  bevelled,  so  that  when  placed  on  the 
plat^  it  forms  an  angular  groove  in  the  direction  of  its  length. 
The  two  angular  grooves  formed  by  the  pieces y]/,  are  filled  by 
the  chamfered  sides  of  the  slider  E  F,  which  is  capable  of  a 
free  longitudinal  motion  between  them.  When  the  slider  has 
been  put  in  its  place,  two  end  ribs  or  pieces  of  steel  m  m,  are 
placea  within  the  pillars,  dddd,  parallel  to  each  other ;  they 
Dear  upon  the  side  mecesff,  to  which,  and  to  the  plate  I  ^ 
they  are  firmly  hela  by  the  screws  xxxx.  The  nut  L,  is  cast 
in  tne  same  piece  with  .the  slider  E  F;  in  using  the  apparatus, 
it  is  screwed  upon  the  nose  of  the  mandrel,  and  its  size  must 
accordingly  be  proportioned  to  the  mandrel,  for  which  it  is 
intended.  When  the  end  pieces,  m  m^  are  fixed,  the  slider 
cannot  be  thrown  out  of  its  situation  in  the  grooves,  as  they 
limit  its  only  motion,  the  longitudinal  one  to  the  space  between 
them,  because  the  nut  L  acts  as  a  stop,  at  either  end  to  which 
the  slider  may  be  impelled.  This  effect,  however,  though  a 
necessary  consequence  of  the  construction,  is  not  essential  to 
the  excellence  of  the  machine ;  the  principal  use  of  the  end 
pieces,  m  m,  is  of  a  different  nature.  The  space  between  them 
IS  v^actly  equal  to  the  diameter  of  the  ring  O  P,  fig.  3^  upon 
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the  outside  of  which  they  revolve,  when  the  nut  L  is  screwed 
%pon  the  mandrel.  Two  arms,  R  §,  are  connected  with  this 
ring,  and  in  each  of  them  there  is  a  groove,  nearly  their  whole 
length.  These  grooves  are  exactly  straight  and  opposite  each 
other,  and  a  line  carried  from  one  to  the  other,  along  the 
middle  of  them,  would  intersect  the  centre  of  the  ring.  The 
projection  of  the  ring  above  the  arms,  is  clearly  shown  by  the 
elevation,  fi^./4. 

The  elliptic  machine  is  connected  with  the  lathe,  and  its  pe- 
culiar motion  obtained  in  the  following  manner:  let  E  F  G  H, 
fig.  9,  represent  the  upper  part  of  a  headstock,  through  which 
two  holes  have  been  drilled,  at  a  little  distance  from  the  collar, 
the<^entres  of  which  holes  are  precisely  in  a  line  with  the  centre 
of  the  mandrel  M ;  let  the  ring  be  fastened  to  the  headstock  by 
Vieans  of  two  screws  1 1,  with  button  heads,  the  shanks  of  which 
paae  through  its  grooves,  and  through  the  two  holes  made  in 
the  headstock,  at  the  back  of  which  they  can  be  drawn  tight 
by  nuts.  When  the  ring  is  in  this  situation,  it  will  be  per- 
ceived, that  it  can  only  be  moved  from  side  to  side,  ana  its 
centre,  from  what  has  been  said  of  the  position  of  its  grooves 
and  that  of  the  holes  through  which  the  screws  that  msten  it 
pass,  must  alwi^s  be  in  the  same  horizontal  line  with  that  of 
the  mandrel.  Tighten  the  nuts  of  the  screws  1 1.  Now  let 
the  apparatus  A  B  C  D,  fig.  2,  be  united  to  the  mandrel,  by 
screwing  upon  it  the  nut  L :  the  inner  surface  of  the  end  ribs 
or  pieces  m  m,  will  fall  at  the  same  time  upon  the  outside  of 
the  ring.  The  plate  I  K,  if  the  ring  have  been  set  so  that  its 
centre  exactly  coincides  with  tliat  of  the  mandrel,  will,  when 
motion  is  communicated  to  it,  revolve  in  a  circle ;  but  if  the 
centre  of  the  ring  be  in  the  smallest  degree  on  one  side  of  that 
of  the  mandrel,  it  will  revolve  in  an  ellipse,  the  difference  be- 
tween the  conjugate  and  the  transverse,  or  long  and  short,  dia- 
meters of  which,  will  be  double  the  distance  between  the  centre 
of  the  ring  and  that  of  the  mandrel.  When,  therefore,  the 
work  is  fastened  to  the  s*crew  W,  as  in  common  turning  it  is 
tp  the  nose  of  the  mandrel,  it  becomes  as  easy  to  turn  an 
ellipse  as  in  other  cases  it  is  to  turn  a  cylinder. 

"Die  slider  £  F  ought  to  move  with  great  steadiness,  and  at 
the  same  time  with  freedom ; — requisites  which  cannot  be  com- 
biaed  without  considerable  accuracy  of  workmanship.  To  ob- 
tain an  easy  mode  of  making  the  wearing  parts  of  the  machine 
fity  and  also  to  lessen  the  friction  in  some  degree,  several  little 
arrangements  are  made,  to  some  of  which  it  may  not  be  im- 
proper to  advert.  The  slider  is  made  of  bell-metal,  or  a  com- 
position similar  to  that  already  recommended  for  the  collar  o 
a  lathe,  and  only  a  narrovi  strip  on  each  side  of  it  touches  ths 
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back  of  the  plate  I  K ;  these  narrow  surfaces  of  friction,  are 
shown  by  a  lighter  shade  of  the  engraving,  on  the  right  and 
left  of  £,  fig.  1 ;  the  rest  of  the  surface  is  cast  about  the  twen« 
tieth  part  of  an  inch  lower  than  these  strips,  and  it  therefore 
requires  but  little  labour  to  make  the  slider  true.  The  other 
or  upper  side  of  the  slider  E  F,  fig.  II,  is  not  so  thick  as  to 
toucn  the  end  ribs,  m  m,  when  sliaing  under  them. 

In  each  of  the  four  pillars,  dddd,  are  two  screws.  Four  of 
these  screws,  nnnn,  pVess  upon  the  end  ribs  m  m,  which,  by 
screwing  them  in,  can  at  any  time  be  brought  nearer  to  each 
other,  for  the  purpose  of  correctly  fitting  the  ring.  The  side 
ribs,  in  like  manner,  to  embrace  the  slider  tightly,  may  be 
brought  nearer  to  each  other,  by  the  four  other  screws,  only 
two  of  which,  r  r,  can  be  seen  in  fig,  2.  The  four  screws,  xxxx, 
the  square  heads  of  which  are  seen  in  fig.  1,  and  their  ends  in 
fig.  2,  are  screwed  only  into  the  end  ribs  mm;  they  are  rather 
smaller  than  the  holes  in  the  plate  I  K,  and  those  in  the  side 
nbs,J'f>  through  which  they  pass,  otherwise  the  screws  in  the 
pillars  would  not  enable  us  to  drive  the  ribs  further  in. 

Fig.  5,  and  6,  are  two  elevations  of  the  machine,  which  ex- 
hibit the  form  and  relation  of  some  parts  of  it  to  each  other, 
more  clearly  than  the  perspective  views.  Fig.  5,  is  the  side^. 
and  fig.  6,  the  end  of  the  machine.  The  same  letters  of  refer- 
ence being,  as  previously  observed,  placed  upon  the  same 
things,  the  position  of  which  only  is  varied  in  the  different 
figures,  much  further  description  would  be  superfluous.  It 
may  be  observed,  however,  that  fig.  6,  shows  distinctly  the 
bevel  given  to  the  sides  of  the  slider  E  F,  as  well  as  that  given 
in  a  contrary  direction,  to  the  side  ribs  J'f,  in  order  to  form 
the  grooves  which  receive  the  slider. 

Fig.  7,  represents  one  of  the  side  ribs,  and  fig.  8,  one  of  the 
end  ribs,  separately. 

The  form  given  to  the  ring,  fig.  3,  though  eligible  for  a 
small  machine,  would  be  unsuitable  for  a  large  one.  The  limit 
of  its  propriety  is  determined  by  the  breadth  of  the  puppet  for 
which  it  is  intended ;  it  cannot  be  wrong,  when  the  puppet  is 
broad  enough  to  admit  the  holes  for  the  screws  1 1,  fig.  9,  to 
be.  placed  so  as  to  allow  the  ring  its  full  lateral  range,  in  which 
case  it  can  be  brought  close  up  to  the  mandrel.  But  when 
the  shape  here  delineated  is  inadmissible,  the  grooves  or  open- 
ings for  the  screws,  may  be  formed  wiUiin  me  ring,  by  two 
stout  ribs  on  each  side  of  its  centre,  and  it  may  then  be  fast* 
ened  to  a  puppet  of  the  customary  dimensions. 
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Miscellaneous  Remarks  on  Turning. 

i  The  parallel  rest,  already  described,  is  similar  in  principle  to 
hniachine  invented  by  Earl  Stanhope,  for  turninn;  flat  surfaces. 
lis  patriotic  Nobleman  found,  that  the  methoa  of  stereotyp- 
^  invented  by  him,  as  well  as  that  construction  of  the  print- 
bg-prcss  which  is  distinguished  by  his  name,  could  not  be 
9arried  to  the  perfection  he  had  in  view,  without  devising  some 
Bethod  of  inAing  large  surfaces  of  cast  iron  accurately  flat. 
He  hos  always  had  in  view  the  important  object  of  renJering 
Ibe  successful  application  of  hia  inventions  as  independent  as 
Possible  of  manual  dexterity ;  and,  accordingly,  the  rest  or  tool 
Ithich  he  has  invented  to  perfect  his  stereotype  labours,  is,  if 
Ve  judge  by  its  eSects,  and  the  manner  in  which  it  is  wrought, 
iommensurate  at  once  to  his  genius  and  his  wants.  Massive 
blocks  of  iron,  presenting  a  surface  of  eight  ornine  square  feet, 
are  turned  by  it  with  wonderful  facility,  and  with  a  degree  of 
exactnesswhich  will  probably  never  be  exceeded.  It  is,  like  the 
larallel  rest,  peculiarly  adapted  to  the  turning  of  metals,  and 
loubtlesB  exceeds,  in  the  excellence  of  its  performance,  every 
Jbing  of  the  kind  before  attempted. — Of  the  contrivances  which 
r^iave  been  adopted  to  facilitate,  upon  similar  principles,  the 
^xpeditious  and  correct  turning  of  wood,  that  by  Smart,  of 
Ordnance  Wharf,  Westminster,  deserves  particular  notice  and 
Approbation.  The  apparatus  which  this  ingenious  mechanic 
"us  invented,  is  used  in  his  manufactory,  and  when  applied  to 
I  common  lathe,  enables  one  man,  with  the  assistance  of  two 
Jibourers  at  the  great  wheel,  to  turn  six  hundred  poles,  each 
wf  them  a  very  accurate  cylinder,  and  five  and  a  half  feet  long, 
in  the  course  of  twelve  hours.  His  mandrel  revolves  twelve 
hundred  times  in  a  minute',  rn  which  short  space  of  time  one 

Eole  is  finished.  The  means  by  which  he  attains  his  object, 
ave  the  merit  of  not  only  being  efficacious,  but  of  possessing 
great  simplicity.  The  gouge  for  roughing  out  the  work  is 
fastened  in  a  block,  or  cutter-frame,  which  is  nothing  more 
than  a  piece  of  wood,  containing  a  cylindrical  hole,  large 

Ilbnough  to  be  shoved  over,  without  touching,  the  work  to  be 
Itbrned.  The  gouge  passes  through  the  block  into  this  cavity, 
Brhere  its  edge  projects,  just  as  the  blade  of  a  joiner's  plane 
projects  from  the  bottom  of  the  block  in  which  it  is  fixed. 
Bhe  chisel,  \vhich  succeeds  the  use  of  the  gouge,  is  fastened 
m  another  frame  of  a  similar  description.  The  gouge  and 
%Iiisel  are  held  in  their  respective  places  by  screws.  The  re- 
maining part  of  the  apparatus  consists  of  two  strong  wooden 
cheeks  i  and  as  these  must  always  be  as  long  as  the  work,  it  is 
beat  to  make  them,  at  once,  the  full  length  of  the  bed  of  the 
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lathe,  measured  from  the  middle  puppet.  They  may'  form  a 
separate  frame,  or  they  may  be  fastened  one  on  each  side  of 
the  middle  and  right  hand '  puppets,  parallel  to  one  another, 
and  their  upper  surfaces  in  tne  same  horizontal  plane.  Their 
position  will  then  be  similar  to  that  of  the  cheeks  of  the  lathe 
itself.  To  give  them  additional  steadiness,  if  found  necessary, 
they  may  be  supported,  in  one  or  two  places,  by  feet  resting 
upon  the  lathe,  or  by  short  puppets  of  sufficient  breadth  to 
reach  under  them.  On  the  bottom  of  the  gouge  and  chisel 
frames,  there  are  two  grooves,  the  same  size  and  distance  from 
each  other  as  these  additional  cheeks,  which  they  are  intended 
to  admit  into  them.  The  cheeks  must  be  of  such  a  height, 
that  the  cutter-frames  can  be  slidden  along  upon  them,  with 
the  axis  of  the  holes,  into  which  the  gou^e  ana  chisel  project, 
coincident  with  the  axis  of  the  mandrel,  and  consequently 
coincident  with  that  of  the  work.  The  projection  of  the  man- 
drel, and  that  of  the  screw  in  the  right  hand  puppet,  is  always 
rather  more  than  the  breadth  of  both  the  cutter-frames  tbge- 
ther,  in  order  that  the  latter,  when  in  use,  may  be  made  en- 
tirely to  clear  the  ends  of  the  pole.  At  the  commencement 
of  the  process,  after  the  cheeks  upon  which  the  cutter-frames 
slide  have  been  fixed,  let  the  cutter-frames  themselves,  (that 
containing  the  gouge  being  outermost,)  be  placed  against  the 
right  hand  puppet,  the  screyr  of  which,  if  far  enough  out,  will 
then  extend  through  the  centre  and  a  little  beyond  them. 
The  pole  to  be  turned,  which  we  will  suppose  already  pre- 
pared, by  hewing  it  octagonally,  or  somewhat  rounding  it,  is 
fixed  to  the  Lithe  in  the  customary  manner,  and  the  gouge 
frame,  the  men  having  begun  *to  turn  the  great  wheel,  is 
pushed  along  its  whole  length  ;  and  the  tool  being  previously 
adjusted  so  as  to  take  oti'a  shaving  «rf  sufBcient  thickness,  as 
soon  as  it  has  cleared  the  end  of  the  pole,  it  is  left  over  the 
mandrel.  The  chisel  frame  is  next  pushed  along  in  like  man- 
ner, and  thns  it  is  that  one  minute  suffices  to  complete  a  very 
smooth  und  accurate  cylinder.  It  is  obvious,  that  the  best 
position  for  the  gouge  and  chisel  in  their  frames,  will  be  that 
which  gives  each  of  them  the  same  inclination  to  the  surface 
of  the  work,  that  is  found  most  advantageous  in  turning  by 
hand.  This  mode  of  turning  may  be  classed,  perhaps,  among 
those  inventions,  which  every  one  requiring  their  aid  is  apt  to 
wonder  he  has  not  thought  of,  or  to  believe  that  he  could 
have  thought  of;  and  the  very  simplicity  of  which,  while,  in- 
stead of  disparaging,  it  enhances  their  value,  and  the  debt 
which  the  public  owe  to  their  authors,  is  one  of  the  main  ob- 
stacles to  tne  discovery  of  them. 
A  numberless  variety  of  figures  may  be  produced  in  the 
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,  by  regulating  the  action  of  the  tool,  in  its  adrBuce  t 
or  recess  from,  the  face  of  the  piece  exposed  to  its  actioB.', 
Medallions,  and  other  siniiiar  pieces,  have  been  executed  by  | 
eothuBiasts  in  the  art,  who  have  spared  neither  e.TpenBe  in  prA-  i 
curing  the  necessary  apparatus,  nor  patient  perseverance  te  J 
the  use  of  it.  In  the  British  Museum,  there  is  a  profile  bl 
bass-mlief,  of  Sir  Isaac  Newton,  wholly  made  by  turning;  tb«l 
'semblance  is  considered  very  correct,  and  the  place  in  whidbfl 
uis  deposited  may  he  considered  a  sufficient  proof  of  the  dif-T 
pnlty  with  which  it  has  been  executed.  i 

!Watch-ca3es,  snufT-boxcs,  and  various  sorts  of  trinkets,  xt'ta  I 
sometimes  formed  by  what  is  called  rose-work.  Plates  ttm 
iron  or  brass,  indented  or  waved  on  the  edge,  in  any  curve  or  3 
form  which  may  be  desired,  are  screwed  upon  the  macdrdL  I 
"hese  plates,  which  are  called  roves,  serve  as  guides  to  re^- I 
le  the  action  of  the  tool,  in  producing  a  correspondent  fom  j 
1  the  work.  ■    ] 

The  copper  cylinders  used  at  Manchester  in  printing  calicoM  J 
ly  machinery,  afford  specimens  of  turning,  or  rather  of  e^  I 
graving  in  the  lathe,  of  tlie  most  curious  and  interesting  kind  I 
No  production  of  the  art  can  he  more  beautiful  than  the  work^  1 
manship  of  many  of  them,  nor  more  admirable  than  the  effect  \ 
produced  by  their  use.  A  whole  web  or  piece  of  calio 
printed  by  them  in  three  minutes.  They  are,  in  the  firsl  plactt,  1 
turned  accurately  cylindrical,  and  polished  with  as  much  cart  J 
as  the  copperplates  for  common  engraving;  the  pattern  is  tkefl  f 
cut  upon  them,  and  it  is  this  part  of  the  process,  in  preparing! 
them  for  use,  which  most  remarkably  exercis««  the  genius  M  | 
the  artist.  Two  methods  of  executing  it  present  themselvea— ' 
the  graver  and  the  lathe.  As  the  latter,  for  every  pattern  t*  1 
which  it  can  be  applied,  is  so  much  more  expeditious  and  ao^  I 
curate  than  the  former,  a  desire  to  make  use  of  it  in  preferenot  I 
naturally  follows ;  and  accordingly  it  is  made  use  of  in  cuttinj;  T 
a  vast  variety  of  beautiful  patterns,  to  the  production  of  whtol  i 
few  would  consider  any  tool  but  the  graver,  directed  by  the  | 
most  complete  manual  dexterity,  in  any  degree  adequate.  Th*  j 
identical  methods  pursued  by  different  artists,  in  tliis  branch  j 
of  turning,  are  but  little  known,  but  a  general  idea  of  the  c 
ture  and  possibility  of  the  thing  is  not  of  difficult  comprehea*  A 
sion.  Let  the  pattern  intended  foi"  the  copper  be  cut  upon  tb*  J 
circumference  of  a  small  steel  wheel,  whicli  must  be  made  t6  ^ 
revolve  upon  an  axis.  Let  this  wheel  be  held  against  the  cop^  1 
per  cylinder,  which,  when  revolving  in  a  lathe,  will  carry  H  I 
round,  and  receive  from  it  an  impression  of  the  pattern  on  its 
circumference.  When  one  ring  of  the  pattern  impressed  bt  , 
the  wheel  has  been  obtained,  it  is  plain,  that  by  repeating  tm 
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operation,  others  may  be  made  at  any  required  distance  from 
each  other.  As  the  wheel  operates  almost  like  a  punch,  the 
marks  made  by  it  are  seldom  square  at  the  edge;  but  these  in- 
equalities are  soon  reduced  by  the  common  process  of  turning 
and  polishing.  It  may  also  be  observed,  that  the  cavities  made 
by  the  wheel  must  be  left  rough  or  notched  at  the  bottom,  in 
order  that  they  may  better  retain  the  ink  till  they  meet  the 
calico.  To  cut  the  wheel,  so  as  to  produce  this  effect,  faci- 
litates its  entrance  into  the  cylinder. 

Practical  directions  for  turning  might  easily  be  multiplied, 
but  the  necessity  for  much  furtlier  minuteness  of  detail  will  be 
removed  by  a  little  observation  and  experience ;  yet  we  are 
unwilling  to  refuse  a  place  to  a  few  remaks  which  may  be  ac- 
ceptable to  the  novice.  In  turning  a  hollow  i^ihere,  the  con- 
vex surface  is  first  completed,  and  then  perforated  with  a 
centre-bit  to  admit  of  the  tool,  fig.  20,  pi.  ill,  by  which  the 
interior  may  be  cut  away.  But  as  it  may  not  be  desirable  to 
make  a  very  large-  hole  for  th6  admission  of  the  tool,  it  is  cus- 
tomary to  perforate  the  sphere  in  six  places,  each  hole  beins; 
made  in  a  direct  line  to  the  centre,  to  which  they  must  all  ap- 
proach within  half  their  diameter.  They  are  also  bored  at 
equal  distances  from  each  other,  and  each  hole  is  at  right 
angles  with  all  the  rest  except  one,  to  which  it  is  exactly  op- 
posite. Hence  the  points  ut  which  these  holes  ought  to  be 
made,  may  be  obtained  by  drawing  circles  upon  the  sphere 
which  divide  it  into  quarters ;  the  points  of  intersection  cf 
these  circles,  are  the  places  sought.  Place  the  sphere  in  a 
chuck,  with  the  axis  or  middle  of  any  two  of  the  holes  in  the 
same  line  with  that  of  the  mandrel.  Turn  out  a  portion  of  the 
interior  from  the  hole  in  front;  then  in  succession  bring  every 
other  hole  to  the  front,  and  proceed  in  like  manner.  The  par- 
titions dividing  the  several  excavations  will  at  length  be  cut 
through,  or  will  be  made  so  thin  that  they  may  be  cut  from 
the  interior  surface  of  the  sphere  by  a  bent  saw. 

To  turn  one  sphere  within  another,  cylindrical  holes  as  in 
the  last  case  are  required,  but  the  thickness  left  between  each 
pair  of  opposite  ones,  must  at  least  be  equal  to  the  diameter 
of  the  inner  sphere  intended  to  be  left.  The  tool,  fig.  21,  or 
that  fig.  22,  is  used  to  make  the  excavation  or  space  between 
the  concentric  surfaces,  byentering  in  rotation,  as  before,  the 
six  holes.  By  using  the  tool  oepresented  by  fie.  18,  or  that 
of  fig«  19,  a  cube  might  have  been  turned  instead  of  Uie  inner 
■phere. 

To  turn  a  series  of  spheres  within  each  other,  the  depth  of 
the  cylindrical  holes  must  be  such  as  to  leave  the  thickness 
between  each  pair  no  more,  or  but  very  little  more,  than  the 


diameter  of  the  smallest  sphere  iDtended  to  be  leTt.  With 
forming  this  innermost  sphere,  the  operation  may  be  mostf 
properly  begun,  and  aftenvards  continued  in  regular  proares-i 
sion  to  the  larger,  till  at  last  the  one  next  the  exterior  apht.-rtf 
is  completed.  If  it  be  thought  desirable,  the  epheittx  iiiov  hiif^ 
their  cylindrical  holes  proportioned  to  their  respective  sin:! 
boring  at  first  a  little  way  with  a  large  centre-bit,  and  iil'tcr^ 
wards  uainjj  a  smaller  and  a  smaller  one,  in  approaching  tli 
centre. 

When  the  band  of  a  lathe  is  crossed,  and  the  wh«el  i 
turned  with  great  velocity,  it  is  apt  to  wear  by  rulibinti  acaitisti  < 
itself.     This  effect  may  be  prevented  by  interposing  a  puUey> 
at  the  crossing  place.    The  pulley  may  turn  upon  a  pin  at  thi^ 
end  of  a  piece  of  wood  rising  aslant,  and  attached  to  the  cheeki 
of  the  lathe,  or  fastened  to  the  floor. 

The  number  of  turns  which  the  mandrel  ought  to  make 
given  time,  must  be  varied  according  to  the  nature  of  the  niate-^.^ 
rial  in  the  lathe.     The  velocity  of  rotation,  for  wood,  caul  j 
scarcely  be  too  swift;  it  must  be  rather  slow  for  lead,  pawtepf-^ 
brass,  and  bell-metal;  still  slower  for  cast  iron,  and  slowest  d|i  J 
all  for  forged  iron  and  steel.     The  reason  for  these  limits  ap- 
pears to  be,  that  a  certain  time,  varpng  with  the  material.  is>   i 
requisite  for  the  act  of  cutting  to  take  place,  and  that  tin-  tooD  J 
itself,  if  much  heated,  wilt  instantly  became  soft,  and  ci^ase  io»  ; 
cut.     In  a  lathe  turned  by  the  foot,  three  turns  of  ihe  paltep  j 
of  the  mandrel,  for  one  of  the  fly  wheel,  will  be  found  suflici-i^ 
ently  quick  for  iron;  four  or  five  turns  of  the  pulley.  fjroneo(r"| 
the  fly,  maybe  allowed  to  brass;  and  ten  or  twelve  will  not  be 
too  much  for  wood.     As,  however,  in  turning  a  liirsre  fly  wheetl  ^ 
very  slowlv,  to  produce  the  required  slow  motion  of  the  man-/ 
drel,  woul^  occasion  the  loss  of  the  power  accuniuiaieii  by  it»l 
increasing  momentum  when  swiftly  revolved,  a  Mnat!  wheels  J 
may  be  placed  on  the  same  axis.     This  small 
ceive  the  band,  and  the  size  of  it  may  be  so  propartioned.  that   ] 
it  may  be  turned  with  the  large  one  as  swiftly  as  we  please,  , 
without  making  the  velocity  of  the  mandrel  too  great. 

The  temper  of  the  tools  employed  in  turning  iron  and  ateelj   , 
when  they  are  annealed,  is  not  commonly  higher  than  purple.^ 
But  when  the  inequalities  of  steel  have  been  reduced,  ana  ijl 
is  required  to  cut  it  extremely  clean,  the  use  of  a  sharp  hardi  i 
tool  will  be  advantageous.     Steel  and  cast  iron  at  a  high  tem-i 
per  also  require  a  very  hard  tool,  and  the  antrle  forming  the'  ' 
edge  of  the  tool  must  be  considerable;  if  equal  to  seventy  or 
ei^ty  dcgreee,  it  will  not  be  too  obtuse,     Steel  and  iron  are 
cut  more  freely,  if  kept  constantly  wetted  with  water,  or. 
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When  iron  and  steel  are  to  be  tamed  in  a  small  lathe  of 
little  power,  as  soon  as  the  work  is  fixed,  it  is  with  numy  m, 
practice  to  nick  it  all  round  with  a  graver,  in  one  or  two  places; 
if  the  nick  be  deeper  on  one  side  than  another,  a  file  is  em- 
ployed to  make  it  every-where  alike ;  and  when  this  has  been 
done,  the  power  employed  to  finish  it  may  be  very  inconsider* 
able,,  without  much  loss  of  time. 

Xhe  bank,  or  upper  part  of  the  rest,  upon  which  the  tool  is 
held,  is  short,  broad,  unpolished,  and  very  strong  for  metallic 
work,  in  order  that  the  tool  may  be  steadied  upon  it  iii  the 
most  efiectual  manner;  but  in  turning  wood,  it  is  long,  narrow 
on  the  top,  and  polished,  so  that  the  tool  can  be  swiftly  glided 
from  end  to  end.  To  a  foot  lathe,  the  bank  of  the  rest,  for 
metal,  is  seldom  made  more  than  three  inches ;  while  for  wood 
its  length  is  twelve  or  fourteen  iuches.  In  turning  bed-posts 
and  other  things  of  ^reat  length,  a  piece  of  wood,  the  whole 
length  of  the  work,  is  made  us'e  of  as  a  rest,  to  prevent  the 
trouble  of  those  freouent  removals  which  the  common  rest 
would  require.  Witn  a  like  view  of  saving  time,  the  rest,  for 
globular  work,  is  often  made  of  a  semi-circular  foi*m. 

When  the  work  is  too  lon^  and  slender  to  bear  the  action 
of  the  tool  without  yielding,  it  is  supported  in  its  proper  placet 
from  the  back,  by  a  frame,  which,  like  the  rest,  can  be  fixed 
in  any  situation,  and  carries  an  arm  with  a  semi^circular  ex* 
cavation  in  front.  This  opening  admits  the  work,  to  which  it 
is  brought  close  up,  and  which  it  prevents  from  being  bent  or 
broken  r>y  the  tool. 

When  the  material  which  has  been  turned  is  wood,  and  it 
has  been  made*  as  smooth  as  possible  with  the  chisel,  or  other 
edge-tool  which  its  peculiar  form  may  have  required,  it  may 
be  polished  with  shark's  skin,  or  Dutch  rushes.  The  shark  s 
skin,  being  obtained  from  different  species  of  that  fish,  is  8ome« 
times  of  a  reddish  and  sometimes  of  a  dark  grey  hue,  without 
any  material  difference  of  quality ;  it  is  too  rough  for  polishing 
at  first,  and  therefore  must  be  worn  a  little  by  using  it  to  thc^ 
rougher  states  of  work,  before  it  is  applied  to  this  purpose. 
The  Dutch  rush  is  the  eqiiisetum  hyemale  of  Linnaeus ;  it  grows 
in  moist  places  among  the  mountains,  and  is  remarkable  for 
having  flinty  particles  in  the  substance  of  its  leaves,  which 
render  it  so  useful  in  polishing.  It  has  a  naked,  simple,  and 
round  stem,  about  the  thickness  of  a  goose  quill.  The  oldest 
plants  are  the  best.  Before  they*  are  used,  they. should  be 
;i.  stened  a  little  with  water,  otherwise  they  presentljr  break, 
and  become  almost  useless.  The  use  of  the  rush  is  particulacly 
proper  for  hard  woods,  such  as  box,  lignum-vit®,  or  ebony. 
After  having  well  smoothed  up  the  work,  it  should  be  rubhsd 
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gently  either  with  wax  or  olive  oil,  then  wiped  clean,  s 
finished  by  rubbing  it  with  a  cloth  or  its  own  shaving. 

Ivory,  horn,  silver,  and  brass,  may  be  smoothed  with  file%   i 
or  with  pulverized  pumice-stone,  laid  upon  leather  or  a  cloth  t  t 
little  moistened.     When  a  very  fine  surface  is  required,  tripol^ 
and  afterwards  oxide  of  tin,  may  succeed  the  use  of  the  pw 
mice-stone.     To  polish  iroji  and  steel,  after  they  have  beoAi 
made  as  smooth  as  possible  with  files,  very  fine  tlourof  emei^  J 
is  mixed  with  oil,  and  laid  upon  two  pieces  of  soft  wood,  b*  j 
tween  the  surfaces  of  which,  thus  coated,  the  work  is  presBeA 
and  made  to  revolve. 


B'  Of  TIMBER. 

From  a  view  of  the  properties,  uses,  and  principal  modes  ^  ' 
working  the  metals  in  most  common  use,  we  now  proceed  to 
details  of  a  similar  kind  reEpecting  timber.     One  aescriptioa 
of  the  mechanical  operations  belonging  to  this  subject,  nav^,    , 
indeed,  already  been  anticipated  by  the  sections  devoted  to  the 
mixed  art  of  Turning,  to  which  botn  wood  and  metaU  are  aliko 
extensively  subjected;  but  much  yet  remains  to  be  adverted  to,  i 
which  forms  a  proper  part  of  the  knowledge  of  the  turned, 
though  more  particularly  subservient  to  the  purposes  of  the  car- ' 
penter,  the  joiner,  the  millwright,  and  the  cabinet-maker.    Wis 
shall  commence  with  an  enumeration  of  the  most  usefiil  sorti  ' 
of  wood,  with  a  few  remarks  on  their  properties,  their  useii, 
and  the  best  methods  of  seasoning  timber  in  general. 

Of  all  thedifferentkindaof  timber  produced  in  this  country, 
oak  is  the  best  for  building,  and  for  almost  every  purpose  of 
rural  and  domestic  economy,  particularly  for  staves,  latns,  and 
spokes  of  wheels.  Even  when  it  lies  exposed  to  air  and  water, 
it  is  preferable  to  almost  all  other  woods;  and  as  it  is,  besidei, 
hard,  tough,  tolerably  flexible,  and  not  very  apt  to  spHntet, 
.  its  excellence  for  ship-building  is  unequalled.  Its  quality  is 
improved,  if  the  tree  be  suffered  lo  stanfl  three  or  four  yean 
after  it  has  been  barked,  as  it  thus  becomes  perfectly  dry; 
the  inspissated  sap  renders  ii.  much  stronger  than  the  heart  «f 
those  trees  which  have  not  hfieo  stripped,  and  its  hardness, 
weight,  and  durability,  are  also  increased. 

Btech  is  also  a  wood  of  great  utility;  it  H  very  tough  ^nd 
white  when  young,  and  of  great  strength  ;  but  liable  to  wai^ 
very  much  wnen  exposed  to  the  weather,  and  to  be  worm-eatfti 
when  used  within  tloors.  Its  greatest  tisfe  is  for  planks,  bed- 
ateads,  chairs,  and  other  household  goods;  and  for  these 
"  "T>o»e»,  itgeenu  almost  as  necessary  to  the  cabinet-maketi 
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and  turnei*s:of  the^melropQlis^  as  oak  is  to  the  ship-builder. 
The  worm'  by  which  it  ia  so  liable  to  be  destroyed^  is  supposed 
prioK^il^ally'to  feed  on  the  sap  that  remains  in  the  wood,  con- 
«equ0utly  tire  best  method  of  preseryin^  it/is  to  extract  the 
food' on  which  the;worm  subsists.  For  this  purpose,  scantlings 
of  beech>  when  large,  should  be  laid  to  soak  in  aj)ond  for  ^eve- 
.  ral  'Weeks,  according  to  the  size  of  the  timber,  and  the  scaso:) 
^of  the  yean  In  the  heat  of  summer  the  desired  effect  is  more 
'spisedily  produced.  Generally,  beams  and  thick  planks  should 
remain  about  twenty: weeks  in  water;  joists  and  rafters  about 
twelve  weeks;  and  the  thinner  boards  about  two  months.  As 
the  planks  or  boards  are  in  danger  of  warping,  when  exposed 
to  dry,  they  should  be  sheltefecTftom  the  sun  and  rain;  laths 
^ught  to  be  placed  at  intervals  between  the  boards,  to  prevent 
their  contact,  and  the  whole  pressed  by  a  considerable  weight. 
If  they  are  large  pieces,  for  beams,  joists,  8ic.  They  need  only 
be  left  to  dry  grsudually  under  sheds.  Beech,  by  these  means, 
will  be  rendered  as  good  and  durable  as  elm ;  but  when  it  is  used 
ibr  building,  it  is  advisable  to  prepare  that  part  of  the  timber 
which  toucnes  tl^e  brick-work  with  a  thick  ooat  of  pitch,  to 
guard  it  against  the  effects  of  moisture.  If  the  wood  have  been 
felled  in  the  heat  of  sunmier,  the  sap,  of  which  it  is  then  full, 
may  be  more  readily  extracted  than  if  it  be  felled  in  winter. 
When  this  wood  is  intended  for  small  work,  such  as  chairs,  tur- 
nery, the  handles  of  saws,  and  the  blocks  of  joiners'  planes,  it  is 
recommended  to  boil  it  in  water  for  two  or  three  hours.  This 
mode  of  preparing  it  extracts  all  the  sap ;  makes  it  work  more 
smoothly;  and  renders  it  more  beautiful  and  durable. 

The  consumption  of  elm  is  very  considerable ;  it  is  very 
tough,  pliable,  and  the  best  kinds  of  it  are. very  hard ;  it  does 
not  readily  split,  and  bears  the  driving  of  bolts  and  nails  into 
it  better  than  any  other  wood.  It  is  used  for  making  axle- 
trees,  mill-wheels,  keels  of  boats,  water-pipes,  chairs,  and  cof- 
fins. It  is  frequently  changed  by  art,  so  as  to  make  an  ex- 
cellent resemblance  of  mahogany.  For  this  purpose,  planks 
of  it  are  stained  with  aquafortis,  and  rubbed  over  with  a  tinc- 
ture, of  which  alkanet  root,  aloes,  and  spirit  of  wine,  are  the 
principal  ingredients. 

Willi  chesnut  timber  is  very  durable,  ^d  is  by  mapy  esteem- 
ed as  eood  as  oak.  It  seems  to  have  been  much  used  formerly 
inbuildins;  it  excels  oak  in  two  respects,  namely,  it  grows 
£iater,  ami  the  sappy  parts  of  it  are  more  firm,  and  less  Tiable 
to  corruption.  At  the  age  of  eighteen  or  twenty  inunuis,  it 
may  be  cut  for  hop-poles,  for  which  it  is  very  serviceable.  It 
.is  superior  to  elm  lor  jambs,  and  several  other  purposes  of 
-  |iot:|ae-9arpentry ;  but  on  account  of  its  possessing  a  precarious 
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brittleness,  which  renders -it  unsafe  for  beams,  it-ought  not  to 
be  employed*ih  any  situation  Tvherd  it  will  have  to  sutoort  an 
uncertain  weight  or  strain^  Perhaps  this  is  the  principal  rea^ 
son  why  it  has  ratbef  fallen  into  Misuse  for  building.  It  is 
generally  agreed,  thtt  it  i^  peculiarly  excellent  fbrcasKb,  as  it 
neither  shrinks,  nor  changes  the  taste  or  colour  of  the  liquor. 
It  is  often  converted  into  articles  of  furniture^  tind  may  be 
made  to  imitate  mahogany,  by  rubbing  it  over  with  ^ahim  wa*'' 
ter^  then  brushing  it  witn  a  hot  decoction  of  Idgwood,  and. 
lastly  with  a  decoction  of  Brazil  wood. 

Ash  is  a  very  useful  wood,  which  possesses  the  very  remark- 
able property' of  being  almost  equally  good,  whedier  cut 
young,  or  at  full  maturity.  It  is  tough,  hard,  and  more ^ 
elastic  than  most  woods.  It  answers  well  in  buildihgs,  and' 
for  any  other  use,  when  screened  from  the  weathier.  It  is 
much  used  for  making  implements  of  husbandry,  particularly 
bop-poles,  also  for  handspikes,  oars,  and  the  handles  of  tools, 
such  as  the  axe,  adze,  8cc. 

WalnuUtree  is  excellent  for  the  joiner's  use,  and  was  in 
great  request  for  all  the  best  articles  of  furniture,  till  snper^ 
seded  by  mahogany ;  it  li  still  in  repute  for  the  best  grained 
and  coloured  wainscot ;  with  the  ^nsmith>  for  stocks ;  with 
the  coach-maker,  for  wheels  and  the  bodies  of  coaches ;  with 
the  cabinet-maker,  for  inlayings,  especially  the  firm  and  closd' 
timber  about  the  root.  To  render  this  wood  the  better  co- 
loured, joiners  put  the  boards  into  an  oven,  or  lay  them  in  It 
warm  stable ;  and  when  they  work  it,  polish  it  o^er  with  its 
own  oil  very  hot,  which  makes  it  look  olack  and  sleek.  The 
oldest  wood  is  the  most  valued. 

The  wild  pine-tree,  called  in  this  country  the  Scotch  fir, 
from  its  growing  naturally  in  the  mountains  of  Scotland,  fur- 
nishes the  best  red  or  yellow  deal,  so  much  employed  in  the 
making  of  masts,  floors,  wainscots,  tables,  boxes,  and  fbf  num- 
berless other  purposes.  The  wood  is  very  resinour,  and  the 
most  durable  of  any  of  the  kinds  of  fir  yet  known;  The  wood 
of  the  black  and  white  spruce  firs,  is  very  light,  land  decays 
when  exposed  to  the  air  for  a  considerable  length  of  time;  it 
is  chiefly  employed  for  packing  cases,  musical  instruments, 
and  the  like. 

•  Deals,  or  common  fir  boards,  may  be  much  hardened  and 
improved,  by  immersing  them,  as  soon  as  they  are  sawn,  in  ' 
satt  water  for  three  or  four  days,  care  beine  taken  to  turn  tl^m 
firequently  during  that  time.  They  should  then  be  dried  by 
exposing  them  to  the  sun  and  air ;  but  neither  this,  nor  any 
:tber  mode  of  preparing  them  yet  known,  will  pr^vlint  their 
•lurinkii^.    The  anrinking  is  greatest  transveiwly;  m  th* 
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direetaon  of  the  length-  of  their  fibres,  wheii  once  wdOi  sea- 
iioned>  they  shrink  so  little,  that  a  pieoe  of  deal  is  highly 
esteemed  fcAr  the  rod  of  u  pendiilunu 

The  timber  of  the  Utrek-trei  in  possessed  of  many  very 
vAloable  psoperties.  It  is  exempt  Rom  the  depredations  of 
worms ;  it  is  peculiarly  calculated  for  ships'  masts  and  the 
building  of  Yesseky  or  for  sttengtheaio^  the  wooden  frame- 
work ol'biidges;^  for  it  is  capable  of  supporting  a  mucl' 
greater  weight  than  the  oak  itself,  and  almost  petrifies 
under  water.  It  also  resists  the*  influence  of  our  climate;, 
and  is  excellettt  for  gates,  pales,  shingles,  and  other  works 
which  are  ;exp68ed  to  all  the  vicissitudes  «>f  the  weatbe^^ 
Houses  constructed'  with  larbh  timber,  havie  a  whitish  cast 
for  the  first'  two  or  three  years;  after  which  the  outside 
bacQtnes  Uacki  while  all  the  joints  and  crevices  are  fimily 
closed  with  the  resin  extracted  from  the  pores  of  the  wiiod 
l^'the  heat  of  the  sun;  and  whieh,  being  hardened  by  the 
air,  forms  a  kind  of  varnish,  not  inelegant  in  its  appearance^ 
Buildings  constructed  with  it,  have  been  observed  to  remain 
sound  two  hundred  years.  No  wood  affords  more  durable 
staves  for  casks,  and  the  flavour  of  the  wine  is  at  the  sama 
titae  preserved*  The  charcoal  made  from  the  larch  is  not 
O0ily  much  superior  in  ouality,  but  in  quantity,  to  that  made 
from  a  like 'measure  of  tne  fir-tree. 

The  4»mmon>  cedar  (of  Lebanon)  is  a  speciels  of  the  pine-tree. 
The  chars»ter  of  its  wood  is  well  known,  and  firmly  established. 
Its  uniformity  and  softness  recommends  it  to  tne  use  of  the 
mafiufacturer  of  black-lead  pencils;  while  its  neat  appearance, 
and  its  not  being  liable  to  the  depredations  of  worms,  occa- 
sioeas  i^  gpreat  demand  for  it  from  the  cabinet-maker,  for  the 
drapers  send  interior  divisions  of  desks,  &c.  where  great 
stfWgtb  is  not  required.  It  is  admirably  calculated  to  with- 
stand the  effects  of  moistore. 

The  different  species  of  pop/or  trees,  supply  timber  muck 
used  instead  of  fir ;  it  looks  better,  and  is  tolerably  tougk 
and  hard.  Poplar  wood  is  not  very  subject  to  the  ravages  of 
worms,  nor  to  warping  or  shrinking.  It  is  advantageously 
enqployed  for  wainscoting  and  Bbors,  as  well  as  for  water** 
pipes,  packing  boxes,  and  turnery  wares.  For  bedsteads 
il  ts  deemed  unsuitable,  as  it  is  considered  more  liable  than* 
-other  woods  to  be  infested  with  bu^s.  It  is  a  very  iac€«»* 
b«s4ible  wood,  and  therefore  admirably  adapted  for  tike 
flMito  of  workshops  where  ignited  bodies  are  apt  to  be 
thrown  down. 

The  wood  of  the.  birch  or  yider  tree,  differs  not  very  mate** 
fiaUy  from<tlial-of  the  poplar,  either  in  quality  or  ussi    Tks^ 
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— Cberrj-trot— Yew Hollj, 


I  nloa  of  what  are  called  wooden  shoes,  and  women's  shoe 
heels,  are  made  of  it.     It  is  also  much  used  for  hoops,  and  by 

[  the  turner,  for  bowls  and  dishes  of  all  sorts. 

The  whitest  and  finest  kinds  of  maple,  are  used  by  cabinet- 
makers for  inlaying.  On  account  of  the  lightness  of  this 
frood,  it  is  frequently  nsed  for  musical  instruments.  It  is 
excellent  for  the  use  of  the  turner ;  cups  made  of  it  may  be 

'   Itirned  so  thin  as  to  transmit  light.     These  characteristics  be- 

I  long  more  particularly  to  English  maple,  which  is  also  well 
known  under  the  name  of  ii/camore  or  plane  tree,  and  when 

■  grown  on  favourable  situations,  is  almost  as  hard,  white,  and 
peautiful,  as  holly.  The  American  maple  is  mostly  of  a  dull 
light  brown  colour;  it  is  a  softer  wood,  and  its  grain  has 
■ome  slight  resemblance  to  that  of  the  cherry-tree. 

Fear-tree  wood  is  smooth,  light,  and  compact ;  very  suitable 
for  the  turner's  use,  and  when  stained  black,  makes  a  good 
imitation  of  ebony,  for  picture  frames,  and  similar  articles. 
It  is  sometimes  engraven  upon,  but  for  this  purpose  it  is 
much  inferior  to  box,  and  even  to  holly. 

The  wood  of  the  cheny-tree  is  smooth,  tough,  yellowish, 
with  a  grain  like  the  commoner  kinds  of  mahogany,  of  which, 
with  a  very  little  assistance  from  stainin?,  it  makes  an  excel- 
lent imitation.  It  is  therefore  used  for  the  middling  qualities 
of  furniture,  by  the  cabinet,  chair,  and  bedstead  makers. 

The  yew-tree  was  formerly  cultivated  for  the  manufacture  of 
bows,  but  since  the  decline  of  the  demand  for  it  on  this 
account,  it  has  heen  much  neglected.  The  wood  is,  however, 
valuable,  though,  like  the  two  last  kinds,  not  very  abundant; 
it  is  hard  and  smooth,  beautifully  veined  with  red  streaks, 
admits  of  a  fine  polish,  and  is  almost  incorruptible.  It  is 
employed  by  the  turner  and  cabinet-maker,  the  millwright 
and  the  engraver.  It  may  therefore  be  seen  in  tables,  chairs, 
cups,  spoons,  toys,  ornamental  tea-caddies,  urns,  &c.  Con- 
verted into  axletrees,  cogs  for  mill  wheels,  and  floodgates  for 
fish-ponds,  it  is  found  very  proper  and  durable.  By  the  en- 
graver it  is  only  used  for  lar^e  and  coarse  work. 

Of  all  hard  woods,  that  of  the  ho/lu  is  the  whitest,  and  is 
much  used  for  inlaying,  especially  under  thin  plates  of  ivory. 
It  is  excellent  for  the  use  of  the  turner,  and  ii  highly  prized 
by  the  millwright  for  the  cogs  of  wheels  ;  it  also  makes  the 
beat  handles  and  stocks  for  tools,  flails,  the  best  riding  rods 
and  carters'  whips,  bowls,  sheaves,  and  pins  for  blocks, 
Next  to  box,  it  is  the  most  suitable  wood  for  the  use  of  the 
engraver.     It  is  tougher,  but  not  so  hard  as  box. 

liox  is  the  only  European  wood  which  will  sink  in  water, 
dtiess  and  toughnesfl,  are  such,  as 
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Box-wood^ — Bhmy. — ^IigBtim-Tit«. 

to  render  it  admirably  adapted  to  the  purposes  of  the  engraver 
on  wood.  The  engraving  is  always  .made  on  the  end  of  th« 
wood,  so  that  the  fibres  stand  perpendicularly.  When  cut  ia 
this  manner,  the  graver  will  make  a  clean  stroke  in  every  di- 
rection, and  the  piece  ia  liable  to  warp  but  little.  When  cut 
plankwise,  boxwood  is  extremely  apt  to  warp,  unless  very  well 
seasoned.  No  kind  of  wood  turns  smoother  than  this,  and  its 
yellow  colour,  when  it  is  well  polished,  is  very  beautiful ;  it  is 
much  used  for  pulleys;  for  shuttles ;  for  the  bottoms  of  ioiners' 
planes,  esjpecially  their  moulding  planes ;  and,  in  snort,  is 
valuable  for  eveiy  purpose  reauirkig  wood  which  will  bear 
friction  well.  When  ivory  would  be  too  expensive,  or  cannot 
be  obtained  of  the  requisite  dimensions,  boxwood  is  comm<Hily 
the  substitute  for  it«  Hence  the  consumption  of  it  for  combs, 
button-moulds,  knife  handles,  and  particularly  for  mathema- 
tical instruments,  is  very  considerable.  The  bitter  quality  of 
boxwood  secures  it  from  the  attacks  of  worms. 

Ebony  is  an  exceedingly  hard  and  heavy  kind  of  foreign  wood^ 
of  a  very  smooth  even  grain,  susceptible  of  a  remarkably  fine 

J  polish,  and  on  that  account  used  in  mosaic  and  inlaid  works, 
or  toys,  8cc.  It  is  of  various  colours,  most  usually  black, 
brown,  red,  and  green.  The  black  is  the  kind  most  generally 
known,  and  preferred  to  that  of  other  colours.  The  best  is  a 
jet  black,  free  from  veins  and  rind,  very  massive,  astringent, 
and  of  an  acrid  pungent  taste.  Ebony  is  not  in  so  much  de- 
mand as  formerly,  from  the  improvements  which  have  been 
made  in  giving  ouier  hard  woods,  especially  the  holly,  a  black 
colour.  It  is  used  for  parallel  rulers,  and  other  matnematical 
instruments  not  requiring  to  be  marked  with  figures,  which 
the  darkness  of  its  colour  would  prevent  from  being  distinctly 
seen.  It  is  brought  from  Madagascar,  the  Mauritius,  and  the 
West  Indies.  The  tree  of  the  West  India  kind  is  seldom  more 
than  eighteen  feet  high,  and  the  trunk  five  or  six  inches  in 
diameter. 

Lignum-vitiB  is  an6ther  foreign  wood,  firm,  solid,  ponderous, 
very  resinous,  of  a  blackish  yeilow  colour  in  the  middle,  and  a 
hot' aromatic  taste.  It  is  a  native  of  the  West  Indies,  and  the 
warmer  par^ts  of  America*  It  is  of  considerable  utility  in  the 
arts:  by  the  sugar  planters  it  is  manufactured  into  wheels  and 
cogs  for  sugar  mills.  The  sheaves  or  puUevs  in  ship  blocks 
are  mostly  made  of  this  wood ;  which  is  also  frequently  formed 
into  bowls,  mortare,  and  various  utensils.  It  is  much  used 
by  the  turner,  making  excellent  castors,  handles  for  tools,  and 
other  small  ware;  but  as  it  is  expensive,  hard  to  work»and 
not  very  remarkably  for  its  beauty,  it  is  in  little  demand  for 
the  eabinet-maker. 
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Mahogany  is  one  of  the  most  valuable  woods  imported  into 
.  (his  country,  aud  the  tree,  growing  in  full  maturity,  is  one  of 

■  ^e  Doblest  productions  of  nature,  attaining  often  the  majestic 
I  wisht  of  one  hundred  feet.  Mahogany  balks  are  often  three 
liDr  iour  feet  in  diameter,  and  the  diameter  of  one  lately  im- 
rjierted  into  Lancaster  measured  hve  feet.  Mahogany  vuries 
■■■»ery  much  in  quality ;  that  grown  on  rocks  is  the  hardest, 
I  heaviest,  closest  in  the  grain,  and  most  beautifully  veined; 
Eftnd  Jamaica  wood  is  preferable  to  that  obtained  on  the  coast 
rui  Cuba  and  the  Spanish  Main,  on  account  of  its  being  mostly 
I  found  on  rocky  eminences,  while  the  latter  is  cut  in  Kvvampy 
I  aoils  near  the  sea-coast,  and  is  light,  porous,  pale  coloured, 
I  l^d  open  grained.     On  soils  neither  rocky  nor  swampy,  the 

■  1K)od  IS  of  a  medium  excellence.  Hence  a  good  idea  of  the 
rvalue  of  a  parcel  of  mahogany  may  be  formed,  if  we  know  cor- 
■Ifectly  the  nature  of  the  soil  upon  which  it  grew.  Different 
f  parts,  however,  of  the  trunk  of  the  same  tree,  vury  somewhat  in 
I  quality;  and  in  felling  the  timber,  the  mo^t  beautiful  portion 
I   of  it  13  commonly  left  bebind.     The  negro  workmen   raise  a 

scaffolding  of  four  or  five  feet  elevation  from  the  ground,  and 
liack  up  the  trunk,  which  they  cutinto  balks.    The  part  below, 

>  extending  to  the  root,  is  not  only  of  larger  diameter,  but  of  a 
sloser  texture  than  the  other  parts,  most  elegantly  diversified 
%ith  shades  or  clouds,  or  doited  like  ermine  with  spots.  This 
•art  is  only  to  be  come  at  by  digging  below  the  spur,  to  the 
Septh  of  two  or  three  feet,  and  cutting  it  tlirough ;  an  operation 
too  laborious  to  be  often  attempted. — The  remark  just  made, 
with  respect  to  the  superiority  of  the  wood  of  the  mahogany- 
tree,  near  the  earth,  is  applicable  to  timber  in  general,  aud 
[(Kight  not  to  escape  the  observation  of  those  who  are  desirous 
f  selecting  the  choicest  and  most  ornamental  portions  for  par- 
kular  purposes.  The  exquisite  beauty  of  the  finer  kinds  of 
toahoganv.  the  incomparable  lustre  of  which  it  is  susceptible, 
nempt  also  from  the  depredations  of  worms, — hard,  durable, 
IVsrping  and  shrinking  very  little,  it  is  pre-eminently  calculated 
■Kb  suit  the  work  of  the  cabinet-maker.  Accordingly,  (iiese 
^admirable  properties,  added  to  its  abondance, and  the  largeness 
r4fits  dimensions,  have  occasioned  it  to  be  manufactured  into 
(•very  description  of  furniture.  From  its  being  so  little  subject 
^  to  shrink  and  warp,  it  is  particularly  excellent  and  much  used 
for  the  patterns  of  iron  aud  brass  founders,  especially  for  the 
patterns  of  wheel-work  and  other  things  which  require  the 
greatest  nicety.  U  is  the  commoner  sorts  of  mahogany  which 
are  generally  wrought  up  in  this  way-  The  commoner  .  i  ds 
also  are  often  stained  black,  and  made  to  look  to  great  advaii- 
Uge,  for  small  turnery  wares,  such  as  picture  frames. 
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The  preceding  catalogue  of  woods  might  easily  be  eakiged. 
Vat  not,  perhaps,  widi  advantage.  Several  woods  of  komii 
erowth,  which  seldom  come  into  ccmsumptioii^  and  ate  aUke^ 
firom  their  quality  and  their  scarcity,  of  limited  utility,  as  well 
as  many  of  foreign  production,  sn^  as  dyewoods^  which  ave 
rarely  employed  in  the  mechanic  arts,  we  pass  over  as  imneces^ 
sary  in  this  enumeration.  It  will  be  more  useful  to  subjoin  a 
few  remarks  on  the  mode  of  seasoning  and  properties  of  timbet 
m  general.  The  goodness  of  timber  not  only  depends  on  tka 
soil  and  situation  in  which  it  stands,  but  likewise  on;  Ike  sea«^ 
son  in  which  it  is  felled.  With  respect  to  the  latter  pouil^ 
considerable  disagreemeilt  of  opinion  prevails ;  some  are  lor 
having^  it  felled  as  soon  as  its  fruit  is  ripe,  otheca  inapitng^  iad 
many  in  autumn.  But  as  the  sap  and  moisture  of  tisAer  iir 
certainly  the  cause  that  it  perishes  mudi  sooner  than  it  othefi«r 
wise  would  do,  it  evidently  seems  to  be  a  good  general  ihde^ 
that  timber  should  be  felled  when  there  is  the  least  sap  in  it^ 
viz.  from  the  time  that  the  leaves  begin  to  &U,  till  the  tree* 
begin  to  bud.  The  only  plausible  objection  to  a  practice  fband*» 
ed  upon  this  idea,  is,  that  the  sap  in  winter  is  tdiioker  than  at 
any  other  season,  and  therefore  may  be  of  more  difflonlt  ei^ 
traction,  in  the  subsequent  seasoning,  than  if  the  tree  Imd 
been  cut  when  it  was  more  abundant  and  more  flmd.  Iti  "Emg** 
land,  the  work  of  felling  timber  usually  commenees  about  t£e 
end  of  April,  because  the  bark  then  rises  more  freely]  andwhettf 
a  quantity  of  oak  timber  is  to  be  felled,  the  statute  require* 
it  to  be  done  at  that  time,  for  the  advantage  of  tanning. 

The  age  at  which  timber  is  cut,  is  a  matter  of  great  import^ 
ance;  if  cut  too  old  or  too  young,  it  will  not  be  so  durable  w» 
when  cut  at  a  proper  age.  It  is  said,  that  oak  should  not  be 
cut  under  sixty  years  old,  nor  above  two  hundred,  it  is  easy 
to  offer  as  a  general  rule,  that  timber  trees  should  be  out  in 
their  prime,  when  almost  fully  grown,  and  before  they  begm 
to  decay ;  but  when  it  is  inquired,  how  these  particulars  are  to 
be  determined,  we  are  compelled  to  refer  to  judgment  and  ex^ 

fierience  as  the  only  guides  which  can  be  depended  on.  Di& 
erence  of  soil,  situation,  and  climate,  hasten  or  retard  the  growth 
of  timber  so  much,  th*t  th^  age  at  which  any  particular  kind 
of  tree  anrives  at  maturity,  cannot  be  correctly  assigned*  Mar^ 
shall  observes,  that  poplars  may  ^land  firom  thtvty  to^  fifty 
jrears ;  ash  and  eluHtMes,  fi'om  mty  to  a  hundreds 

With  respect  to  the  best  mode  M  seasoning  timber  fifter  it 
has  been  sawed,  k  variety  of  opinioM  are  euMtmnid  ^  but 
practical  men,  v^o  seldom  regwrd  the  notions  of  tifie  upeei^ttisty 
and  who  require  a  process  not  only  effbctual  but  eonrenieiit 
upon  a  lavge  scale^  otmnder  no  nediod  bettei^  timi  that  «tf 
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exposing  thetimber  they  intend  to  season,  for  a  sufficient  length 
of  time  to  a  free  current  of  air,  and  every  Ticissitude  of  wmd 
and  weather.  Boards  from  one  to  two  inches  in  thickness, 
which  have  undergone  this  exposure  twelve  or  eighteen  montba, 
ihey  deem  fit  for  use-  They  observe,  that  the  mere  drying  of 
timoer  h  not  the  same  thing  as  seasoning  it,  and  that  unless  it 
is  frequently  wet,  while  exposed,  it  receives  little  benefit.  This 
is  only  stating,  in  other  words,  the  necessity  of  extracting  the 
sap.  Some  persons,  however,  advise  the  planks  to  be  laid  up 
in  a  dry  airy  place,  out  of  the  wind  and  sun,  or  at  least  free 
from  the  extremes  of  either;  and  that  they  may  not  decay,  but 
dry  evenlv,  they  recommend  them  to  be  daubed  over  with  cow- 
dung.  Tney  must  not  be  piled  on  their  ends,  as  in  the  common 
way,  but  one  plank  must  be  luid  over  another,  small  pieces  of 
wood  being  interposed,  to  prevent  the  contact  which  would 
otherwise  occasion  an  tnjurioui^t  mouldiness.  This  mode, 
though  not  so  convenient,  nor  probably  so  etfectual  as  the 
former,  or  common  one,  is  certainly  mure  rational  than  that 
recommended  by  others,  of  burying  the  timber  in  the  earth. 

To  season  timber  in  a  short  time,  it  may  be  laid  in  a  pool, 
or  running  stream,  in  order  to  extract  the  sap,  and  afterwards 
dried  in  the  sun  or  air.  On  a  small  scale,  boiling  water,  as  di- 
rected for  beech,  may  be  employed,  by  which  the  seasoning  of 
green  wood  may  be  accomplished  with  the  greatest  expedition. 
The  process  will  be  found  useful  to  turners  and  cabiuet-makers. 
But  whatever  mode  of  seasoning  be  adopted,  against  shrinking, 
more  or  less,  there  is  no  remedy-  The  principal  disadvantage 
occasioned  by  the  shrinking  of  timber,  is  from  the  diminution 
ofits  transverse  dimensions.  When  this  kind  of  shrinking  takes 
place  in  casks,  for  example,  in  any  considerable  degree,  the 
hoops  drop  off,  and  these  vessels  fall  to  pieces ;  perhaps  as  great 
a  number  of  them  are  destroyed  by  this  cause  as  by  any  other. 
To  obviate  its  effecls.G.  Smart  has  lately  taken  out  a  patent  for 
constructing  casks  on  a  new  principle :  before  he  puts  them  to- 
gether, he  presses  the  wood  Into  a  smaller  compass  thau  it  would 
ever  be  reduced  to  by  drying:  3'2,000  vessels  made  according 
to  this  plan,  have  verified  its  utility  in  the  most  ample  manner, 
not  one  of  them  having  leaked,  under  circumstances  that  ren- 
dered those  made  In  the  common  way  useless. 

The  Venetians  are  supposed  to  be  the  first  in  modern  limes, 
who  adopted  the  method  of  seasoning  timber  by  charring  it, 
which  was  done  bv  exposing  the  piece  to  be  seasoned  to  a 
strong  lire,  in  the  flame  of  which  it  was  continually  tuined  by 
an  engine,  till  it  was  completely  covered  with  a  black  coally 
crust,  when  it  was  taken  out  and  fit  for  use.  By  this  means, 
it  became  so  hardened,  as  to  resist  the  ejects  of  earth,  sir,  ftod 
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water^  for  centuries.  The  beams  of  the  theatre  at  Herculaneum, 
were  converted  into  charcoal  by  the  lava  which  overflowed  that 
city,  and  after  a  lapse  of  more  than  seventeen  hundred  years,  the 
charcoal  is  as  perfect  as  if  it  had  been  formed  but  yesterday. 
Casks  charred  in  the  inside  are  used  to  preserve  water  uncor- 
rupted,  and  are  particularly  to  be  recommended  for  long  voyages. 
Charring,  also,  is  the  best  preparation  which  piles,  or  any  kind 
of  stakes,  intended  to  be  driven  into  the  ground,  can  receive. 

When  boards  or  planks  have  been  properly  seasoned,  with- 
out charring,  additional  care  becomes  necessary  to  preserve 
tliem  against  the  depredations  of  worms,  the  effects  of  air, 
moisture,  &c.  For  this  'purpose,  Evelyn  directs  common  sul- 
phur to  be  put  into  a  glass  retort,  with  as  much  nitrous  acid 
as  will  cover  it  to  the  depth  of  about  two  inches.  The  whole 
must  be  distilled  to  dryness,  and  rectified  two  or  three  times. 
The  remaining  sulphur  is  then  to  be  exposed  to  the  open  air 
on  a  marble,  or  in  a  shallow  glass  vessel,  where  it  will  liquefy 
into  a  kind  of  oil,  with  which  the  timber  must  be  rubbed  over. 
This  mixture,  he  asserts,  will  not  only  infallibly  prevent  the 
attacks  of  worms,  but  also  preserve  every  kind  of  wood  from 
decay,  either  in  air  or  water.  Two  or  .three  coats  of  linseed 
oil  may  also  be  used  to  defend  timber  from  the  influence  of 
lir  or  moisture ;  and  some  have  recommended  the  wood-work 
of  buildings  to  be  painted,  but  this  ought  always  to  be  defer- 
red, till  it  is  thoroughly  dry. 

.  If  the  wainscoting  or  other  timber  of  a  building  be  used  too 
green,  and  has  in  consequence  riven  or  cracked,  it  has  been 
strongly  recommended  to  cover  it  immediately  with  a  solution  of 
beef-suet,  which  will  often  close  the  crevices  so  effectually,  that 
the  defect  will  be  scarcely  perceptible.  Some  carpenters  close 
the  crevices  with  a  composition  of  grease  and  fine  saw-dust. 

The  timber  employed  in  building,  without  due  precaution, 
IS  extremely  liable  to  destruction  from  the  dry  rot,  which  ap- 
pears, by  some  late  communications  to  the  Soxiiety  of  Arts,  &c. 
to  be  occasioned  by  a  plant.  It  will  destroy  half-inch  deal 
wainscoting  in  a  year.  The  plant  is  of  the  creeping  kind,  and 
cannot  rise  above  two  inches ;  so  that  wood,  in  all  cases,  must 
be  in  contact  with  the  earth  to  support  it.  To  preserve  wood, 
then,  from  its  effects,  it  must  be  charred,  painted,  or  prevented 
from  touching  the  earth  by  bricks  and  mortar.  It  is  never 
observed  to  commence  in  the  middle  of  floors,  so  that  it  will 
probably  be  found  suflicient  to  secure  the  ends  of  beams  or 
joists.  The  plant  has  no  adhesive  powers  but  in  contact  with 
wood.  Timber  thoroughly"  impregnated  with  brine,  or  a  solu- 
tion of  common  salt,  has  been  u)und  by  experiment  to  be 
secure  from  its  destructive  effects. 


MECHANICAL  £>:j^KCI.S>;S.  *     95 

•  ••  \ 
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The  experiments  which  have  been  made  to  ascertain  the 
strength  and  quality  of  timber,  under  different  circumstances, 
have  been  attended  with  results  widely  different  from  each 
other;  but  as  it  would  be  unsuitable  to  the  plan  of  this  work  to 
enter  upon  the  lengthened  statements  by  which  contradictory 
results  are  supported,  we  shall  merely  collect  a  few  remarks, 
which  seem  to  nave  obtained  general  assent.  The  wood  next 
the  bark  of  a  tree,  called  the  white,  or  alburnum,  is  much 
weaker  than  the  rest.  The  wood  of  the  north  side  of  all  trees 
which  grow  in  Europe,  is  the  weakest,  and  that  of  the  south- 
east side  is  the  strongest;. this  difference  is  most  remarkable 
in  hedge-row  trees,  and  such  as  grow  singly.  The  heart  of  a 
tree  is  never  in  its  centre,  but  always  nearer  to  the  north  side, 
and  the  annual  coats  of  wood  are  thinner  on  that  side.  In 
conformity  with  this,  it  is  a  general  opinion  of  carpenters,  that 
timber  is  stronger  whose  annual  plates  are  thicker.  The  tra- 
chea, or  air-vessels,  are  weaker  than  the  simple  ligneous  fibres. 
These  air-vessels  are  the  same  in  diameter  and  number  of  rows 
in  trees  of  the  same  species,  and  they  make  the  visible  separa- 
tion between  the  plates,  or  annual  layers.  Therefore  the  thicker 
these  plates  are,  the  greater  the  proportion  they  contain  of  the 
simple  ligneous  fibres,  and  the  better  the  timber.  A  contrary 
opinion  is  nevertheless  prevalent,  and  wood  with  a  fine  grain, 
or  thin  annual  layers,  is  preferred.  The  tenacity  of  wood  is 
greatest  when  it  is  green,  and  diminishes  with  drying.  No  per- 
son, perhaps,  has  made  experiments  on  woodi  with  so  much  mi- 
nuteness as  Bufibn,  who  observes,  that  he  invariably  found  the 
heaviest  pieces  to  be  the  strongest,  and  he  recommends  an  at- 
tention to  this  circumstance  as  the  surest  guide  in  the  choice 
of  timber. 

Banks  is  of  opmion,  that  beams  should  be  strong  enough  to 
bear  twenty  times  the  force  they  have  to  resist,  or  they  will 
probably  bend,  and  in  time  break.  The  same  author  also  ob- 
serves, t);iat  one  piece  of  wood  is  much  stronger  than  another, 
not  only  cut  out  of  the  same  tree,  but  out  of  the  same  rod;  or 
a  piece  of  a  given  length,  planed  equally  thick,  and  cut  into 
several  equal  parts,  these  pieces  will  be  broken  with  different 
weights.  From  a  great  number  of  experiments  which  he  made 
on  me  strength  of  wood,  he  found  that  the  worst  or  weakest 

Eiece  of  dry  neart  of  oak,  one  inch  square,  and  one  foot  long, 
ore  six  hundred  and  sixty  pounds,  though  much  bent,  and 
two  pounds  more  broke  it.  The  strongest  piece  he  tried  of  the 
same  dimensions,  broke  with  nine  hundred  and  seventy-four 
pounds.  The  worst  piece  of  deal,  bore  four  hundred  and  sixty 
pounds,  but  broke  with  four  pounds  more ;  the  best  piece  bore 
six  hundred  and  ninety  pounds,  but  broke  with  a  little  more. 
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General  obierrMions  on  timber. 


The  fibres  of  timber  requiring  so  ^reat  a  force  to  tear  them 
asunder  in  a  vertical  direction,  and  being  easily  brC'ken  by  a 
transverse  strain,  ivhen  compared  to  that  of  a  rope  carrying 
nearly  an  ec^ual  weight  in  all  directions,  opens  a  wide  field  for 
useful  experiments.  All  timber  trees  havo  their  annual  circles 
or  growths,  which  vary  greatly  according  to  the  soil  and  expo* 
sure  to  the  sun.  The  north-east  side  of  the  trees  (being  niuch 
smaller  in  the  grain  than  the  other  parts,  which  are  more 
exposed  to  the  sun,)  is  strongest  for  any  column  that  has  a 
weight  to  support  in  a  vertical  direction;  because  its  hard  cir- 
cles, or  tubes,  are  nearer  each  other,  and  the  area  contains  a 
greater  quantity  of  them;  nor  are  they  so  liable  to  be  com* 
pressed  by  the  weight,  or  to  slide  past  each  other,  as  when 
they  are  at  a  greater  distance.  On  the  other  hand,  this  part 
of  the  tree  is  not  fit  for  a  transverse  strain ;  because  the  nearer 
the  hard  circles  are  to  each  other,  the  easier  the  beam  will 
break,  there  being  so  little  space  between  them,  that  one  forms 
a  fulcrum  to  break  the  other  upon;  but  that  part  of  a  tree,  the 
tubes  of  which  are  at  a  greater  distance,  or  of  larger  grain,  is 
more  elastic,  and  requires  a  greater  force  to  break  it ;  because 
the  outside  fibre  on  the  convex  side  cannot  snap  till  the  next 
one  is  pressed  upon  it,  which  forms  the  fulcrum  to  break  it 
on.  It  is  generally  observed  in  large  timbers,  such  as  masts, 
that  the  fracture  is  seldom  on  the  convex,  but  usually  on  the 
concave  side  j  which  is  owing  to  the  fibres  on  the  concave  side 
being  more  readily  forced  past  each  other,  and  those  on  the 
convex  side  being  so  difficult  to  be  torn  asunder,  that  they 
cannot  snap,  in  consequence  of  the  largeness  of  the  segment 
of  the  circle  they  describe  when  on  tne  strain.  The  curve 
described  by  the  inner  layers  of  the  wood  being  so  large,  and 
indeed  little  less  than  a  straight  line,  cannot  form  a  fulcrum 
to  break  the  outer  ones  upon ;  and  as  the  convex  side,  or  that 
on  which  the  fibres  are  extended,  ought  to  be  always  free  from 
any  mortise  or  incision  on  the  outside,  the  strength  decreases 
as  it  approaches  the  centre. 

In  early  periods,  the  trunks  of  trees  were  split  with  wedges 
into  as  many  and  as  thin  pieces  as  were  required,  in  a  manner 
similar  to  that  used  by  lath-cleavers  at  the  present  day.  The 
saw,  though  so  convenient  and  beneficial,  has  not  been  able  en* 
tirely  to  banish  the  practice  of  splitting  timber  used  in  building, 
orin  making  furniture  and  utensils.  To  be  aware  of  the  peculiar 
advantages  of  splitting  timber,  may  be  useful  to  artisans  in  wood 

generally.  By  its  advantages,  we  do  not  so  much  allude  to  its 
eing  more  expeditiously  performed  than  sawing,  as  to  the  cir- 
cumstance that  split  timber  possesses  greater  strength  and  elas- 
ticity than  that  which  has  been  sawn ;  for  the  fissure  follows 
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DUTsrenoe  betwMB  maUl  and  wooden  iipriii|pi.>-MeMaraMat  of  round  timber. 

the  grain  of  the  wood,  and  leaves  it  whole ;  whereas  the  saifr, 
which  proceeds  in  the  line  chalked  out  for  it,  divides  the  fibres, 
and  therefore  lessens  its  cohesion  and  solidity.  Though  split 
timber  turns  oyt  often  crooked  or  warped,  this  fault,  which  may 
sometimes  be  amended,  is,  on  many  occasions,  not  prejudiciaL 
The  fibres  retaining  their  natural  length  and  direction,  thin 
boards,  particularly,  can  be  bent  much  better.  This  is  a  great 
advantage  in  making  staves,  or  sieve  frames,  and  in  forming 
various  articles  of  the  like  kind. 

There  is  a  curious  point  of  diS'erencebetween  wood  andmetal, 
when  employed  as  springs,  which  deserves  to  be  noted,  as  it 
is  not  very  generally  known,  though  the  information  may 
occasionally  prove  very  useful  to  the  engineer.  A  metallic 
spring,  if  it  has  nothing  to  stop  against,  but  is  suffered  to  vi- 
brate after  performing  the  requisite  action,  will,  in  a  short 
space  of  time,  if  the  action  be  frequt^ntly  repeats  i,  eitlier  break 
or  set.  A  wooden  spring,  when  the  vibration  cannot  be  avoid- 
ed, is  the  best  substitute  w^iich  can  be  employed,  as,  in  the 
property  alluded  to,  it  is  the  reverse  of  a  metallic  one  ;  if  stop- 
ped in  its  vibrations,  it  soon  sets  or  breaks ;  but  if  permitted 
to  vibrate,  its  temper  or  elasticity  suffers  not  the  smallest  di- 
minution. The  best  wood  for  the  purpose,  is  clean-grained 
deal,  perfectly  free  from  knots. 

To  measure  round  timber,  let  the  mean  circumference  be  found 
in  feet  and  decimals  of  a  foot :  square  it,  multiply  this  square  by 
the  decimal, 0.79577,  and  the  product  by  the  length.  Example : 
suppose  the  mean  circumference  of  a  tree  be  10.3  feet,  and  the 
length  24  feet.  Then  10.3  x  10.3  x  0.079577  x  24=202.615,  the 
number  of  cubical  feet  in  the  tree.  The  foundation  of  this  rule 
is,  that  when  the  circumference  of  a  circle  is  1,  the  area  is 
0.0795774716,  and  that  the  areas  of  circles  are  as  the  squares 
of  their  circumferences.  But  the  common  way  used  by  arti- 
ficers, for  measuring  round  timber,  differs  widely  from  this  in 
its  result:  they  measure  the  girth,  and  reckon  one-fourth  of  it 
equal  to  the  side  of  a  square,  whose  area  is  equal  to  the  area  of 
the  section  of  the  tree.  They  therefore  square  this  estimate  of 
one-fdurth  of  the  girth,  and  multiply  the  product  by  the  length 
of  the  tree.  According  to  this  method,  the  tree  of  the  last  exam- 
le  would  only  exceed  by  a  small  remainder  159  cubical  feet; 
or  one-fourth  of  10.3,  or  2.575  x  2.575  x  24=169.13500a 

In  measuring  hewn  or  square  timber,  the  custom  is  to  take 
the  breadth  in  tne  middle,  by  placing  two  rules  against  the  sides 
of  the  tree,  and  measuring  the  distance  between  them.  In  like 
manner  they  measure  the  oreadth  the  other  way,  and  if  the  two 
meaaurements  are  unequal,  they  are  added  tocrether,  and  half 
their  sum  is  taken  for  the  true  side  of  the  square. 
6.— Vol.  I.'  O  ^ 
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Of  Saw-mills. 

The  sawing  of  timber  is  accomplished  by  manual  labour 
and  by  machinery.  Sawing  by  manual  labour  is  so  familiar 
to  every  one,  as  to  require  no  particular  description,  in  this 
place.  With  respect  to  sawing  by  machinery,  the  mills  for  the 
purpose  are  not  numerous  in  Great  Britain,  nor  does  the  utility 
of  tnem  appear  to  be  so  properly  appreciated  as  in  America, 
Norway,  and  other  countries.  A  general  description  of  the 
objects  to  be  attained  by  the  mechanism  of  a  saw-mill  on  the 
largest  scale,  may  be  comprised  in  a  few  words :  the  saw  is 
drawn  up  and  down  as  long  as  is  necessary,  by  a  motion  com- 
municated (commonly  by  water)  to  the  wheel;  the  piece  of  tim- 
ber to  be  cut  into  boards  is  advanced  by  a  uniform  motion  to 
receive  the  strokes  of  the  saw;  for  here  the  wood  is  to  meet 
the  saw,  and  not  the  saw  to  follow  the  wood,  therefore  the 
motion  of  the  wood  and  that  of  the  saw  ought  immediately  to 
depend  the  one  on  the  other ;  and  when  the  saw  has  cut  through 
the  whole  length  of  the  piece,  the  machine  should  stop  and 
remain  immoveable ;  lest,  having  no  obstacle  to  surmount,  the 
the  force  of  the  moving  power  should  turn  the  wheel  with  too 
great  rapidity,  and  break  some  part  of  the  machine. 

Circular  saws,  for  ripping  up  boards  or  scantlings  of  mode- 
rate thickness,  are  not  so  generally  used  by  artists,  as  would 
be  found  advantageous.  We  shall  therefore  particularly  notice 
the  construction  of  a  circular  saw-mill,  inventied  by  Smart,  and 
used  in  his  manufactory.  Like  his  improvement  in  the  art  of 
turning  cylinders,  already  described,  it  is  distinguished  by  its 
simplicity  and  utility.  A  B,  fig.  2,  pi.  IV.  is  a  strono-  table, 
made  of  planks  firmly  braced  together  in  the  form  of  a  joiner's 
bench.  In  the  middle  of  this  bench,  a  longitudinal  opening, 
TOf  admits  the  circular  saw,  F,  which  is  made  of  well-tempered 
steel  plate.  G  is  a  pulley  on  the  same  axis  with  the  saw,  and 
a  rapid  motion  is  communicated  to  it  by  means  of  an  endless 
strap  from  a  large  fly  wheel,  turned  by  horse  powef.  The  saw 
is  fixed  on  its  spindle  D,  (fig.  3,)  by  a  shoulder  d,  against 
which  it  is  held  by  another  moveable  shoulder  e,  pressed 
against  it  by  a  nut,  A,  screwed  on  the  end  of  the  spindle,  which 
is  tapped  for  the  purpose.  The  hole  in  the  centre  of  the  saw 
must  fit  the  soindle  exactly,  and  may  be  either  square  or  cir- 
cular. If  it  DC  circular,  it  must  have  a  small  notch  in  it,  to 
fit  a  fillet  on  the  spindle,  that  the  saw  and  the  spindle  may 
revolve  together.  The  ends  of  the  spindle  are  turned  off  to 
cones,  in  tne  cust9mary  manner  for  working  in  centres.  The 
cone  or  point  nearest  the  saw,  works  in  the  end  of  a  screw^  c, 
fig.  2,  screwed  into  the  bench ;  the  other  point  works  in  a 
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nmilaf  screw,  screwed  through  a  cross  beam  H,  mortised  be* 
tween  two  vertical  beams,  KK,  extending  from  the  floor  to  the 
ceilin?.  The  cross  beam,  H,  can  be  raised  or  lowered  in  its  mor- 
tises through  the  beams,  KK,  by  wedges,  n  n,  above  its  tenons, 
and  two  others  below  them.  A  long  straight  piece  of  wood,  LL, 
called  the  guide,  is  connected  with  the  bencn  by  joints  similar 
to  those  of  a  parallel  ruler.  It  can  be  set  at  any  distance  from 
the  saw,  and  nxed  by  screws  passing  through  circular  grooves, 
dd,  cut  through  the  bench.  The  front  of  the  guide,  LL,  must 
be  perpendicular  to  the  plane  of  the  bench ;  and  it  may  then 
be  made  use  of  to  set  the  plane  of  the  saw  also  perpendicular 
to  the  same  plane.  In  using  the  machine,  the  workman  slides 
the  end  of  the  piece  of  wood  to  be  cut  against  the  saw  as  it 
turns  round,  and  presses  its  edge  against  the  guide,  LL,  at  the 
same  time,  so  that  it  may  be  cut  straight. 

When  the  saw  is  blunted  by  use,  the  centre  screw,  c,  or 
that  in  the  cross-piece,  H,  must  be  turned  back;  the  spindle 
and  saw  can  then  be  removed ;  and  by  taking  off  the  nut  k, 
fig.  3,  the  saw  will  be  loose,  and  another  may  be  put  on,  or  it 
mav  be  sharpened,  in  the  same  manner  as  any  other  saw, 
while  fixed  in  a  vice.  The  teeth  of  the  saw  are  set,  that  is, ' 
bent  out'  of  the  plane  of  the  saw,  one  tooth  on  one  side,  the 
next  on  the  other,  and  so  on  alternately  all  round ;  the  out- 
sides  of  the  teeth  are  not  filed  to  leave  a  surface  perpendicu- 
lar to  the  plane  of  the  saw,  but  inclined  to  it,  and  in  the  same 
direction  that  each  tooth  so  filed  is  bent  in  the  setting.  By 
this  means  the  saw,  when  cutting,  first  takes  away  the  wood 
at  the  two  sides  of  the  kerf,  or  passage  which  it  makes,  leav- 
ing an  angular  ridge  in  the  middle  of  it,  the  use  of  which  is 
to  keep  the  saw  steady  in  a  right  line,  that  it  may  not  have 
•  so  much  tendency  to  get  out  of  the  straight,  in  any  place 
where  the  wood  is  harder  on  one  side  than  on  the  other. 

On  giving  a  curved  form  to  Wood, 

Curved  wood  is  frequently  purchased  by  millwrights  at  a 
very  high  price ;  and  such  is  its  scarcity,  that  very  imperfect 
pieces  are  frequently  made  use  of,  not  only  from  motives  of 
economy  in  the  first  cost,  but  from  necessity.  The  inequali- 
ties also  of  wood  which  is  naturally  curved,  are  often  so  con- 
siderable as  materially  to  impede  the  workmen;  but  when  it  is 
intended  to  curve  it  artificially,  it  may  be  dressed  in  its 
straight  state,  so  as  id  require  very  little  labour  afterwards. 
The  following  observations,  therefore,  on  the  curving  of  wood, 
from  a  Treatise  on  Carpentry,  by  J.  H.  Hassenfratz,  will  be 
interesting  to  many,  and  will  develope  some  principles  with 
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respect  to  the  management  of  wood«  which  are  not  very  gene- 
ralfy  known. 

When  trees  are  young  and  tender,  their  stems  may  be  bent 
either  by  cords,  or  by  poles,  stakes,  or  frames.  They  are  kept 
in  this  situation  so  long  that  they  retain  the  curvature  intend- 
ed'to  be  given  them,  even  when  disengaged  from  the  ob- 
stacles by  which  they  are  held. 

Of  all  the  methods  of  bending  trees,  that  applied  to  joung 
and  growing  wood  is  the  most  easy  and  convenient;  their  sup- 
pleness and  their  elasticity  admit  of  their  assuming  any  form 
that  is  desired.  There  afe  few,  to  which,  with  proper  care, 
the  most  singular  forms  may  not  be  given;  but,  it  is  toue,  they 
are  often  reduced  to  a  state  of  constraint  and  disease  preju- 
dicial to  their  growth. 

The  curving  of  wood  after  it  has  been  cut,  though  more 
difficult,  is,  however,  more  customary,  because  sucn  pieces 
may  be  selected  as  are  best  adapted  to  the  objects  for  which 
they  are  intended,  and  a  suitable  curvature  may  be  given  them 
immediately. 

The  process  gener!ally  employed,  is  founded  on  the  property 
possessed  by  caloric,  of  augmenting  the  elasticity  of  wood  by 
penetratii^g  it,  and  of  diminishing  its  elasticity  when  it  retires. 

Accordingly,  to  give  a  curvature  to  thin  pieces  of  wood, 
such  as  pipe  staves,  and  the  planks  that  cover  the  sides  of 
boats,  they  are  heated  in  the  part  where  the  curve  is  required, 
and  they  are  gradually  bent  as  they  become  hot. 

But  caloric,  applied  to  a  particular  portion  of  the  wood, 
while  the  other  is  in  contact  with  the  air,  heats  it  unequally, 
and  only  partially  increases  its  elasticity :  in  curving,  some 
parts  become  stiff,  and  others  bend,  which  produces  an  in- 
equality of  curvature,  and  sometimes  cracks  in  the  interior, 
and  splinters  on  the  surface  of  the  wood.  The  only  method 
of  correcting  this  inequality,  is  to  heat  the  wood  alike  in 
every  part. 

Ovens  and  stoves,  gradually  heated,  facilitate  the  curvature 
of  wood,  by  procuring  an  equal  heat ;  but  the  risk  of  injuring 
the  wood  in  a  dry  heat  is  very  considerable.  The  elasticity 
of  wood,  also,  is  in  proportion  not  only  to  its  temperature, 
but  likewise  its  humidity-  At  an  equal  temperature,  the  same 
pieces  of  wood  have  different  degrees  of  elasticity,  according 
to  the  quantity  of  water  by  which  they  are  impregnated ;  iu 
the  same  manner  as,  with  an  equal  degree  of  humidity,  they 
ire  the  more  elastic  the  more  they  are  heated. 

We  have  an  example  of  the  two-fold  influenoe  of  humidity 
and  of  caloric,  in  putting  together  two  pieces  of  wood,  as  the 
t^on  and  mortise,  in  which  the  mortise  is  only  one-third  Qf 


Hie  size  of  the  piece  that  is  to  go  into  it.  'This  manner  of  join- 
JD^,  apparetitlv  so  extraordinnry.  is  considered  such  en  im- 
portant invention,  that  most  of  those  by  whom  it  is  pnctised 
Keep  the  method  &  secret.  It  was  the  process  employed  in 
producing  this  effect,  that  suggested  the  method  now  employ 
ed  for  curving  with  facility  the  thickest  and  mortt  obstina' 
pieces  of  timber;  the  whole  art  consists  in  ini»regnatinc  tht 
pieces  of  wood  with  humidity,  by  procuring'  them  a  iinifi.iin 
temperatnre,  then  to  bend  them,  and  suft'er  them  to  cool,  in 
the  form  they  are  intended  to  assume. 

To  heat  and  to  impart  humidity  to  wood,  three  different 
processes  are  employed ;  the  first  is  by  boilinir  water,  the 
Becond  by  steam,  and  the  third  by  wet  heated  sand. 

The  boiling  of  the  wood  in  water,  is  attended  ivith  the 
inconvenience  of  disKolving  part  of  the  substance  of  the  wood; 
at  least,  on  drying  again,  it  shrinks  both  in  thickness  and  in 
length ;  its  strength  and  elasticity  are  considerably  diminished. 
The  next  method  tried  was  the  vaponr  etove,  which  was  a 
chest  proportioned  in  size  to  the  wood  to  be  curved,  formed 
of  thicK  planks,  firmly  joined  together.  The  wood  intended 
to  be  submitted  to  the  action  of  the  vapour,  is  placed  upon 
supports.  For  email  chests,  a  boiler  may  be  placed  at  one  of 
the  extremities,  the  wood  being  introduced  by  a  door  at  the 
other.  In  large  chests,  the  bailer  is  placed  in  the  middle, 
and  the  wood  is  introduced  at  both  enas.  The  boilers  coro- 
municate  in  tlie  interior  of  the  chest  by  means  of  a  pipe.  The 
vapour  formed  by  the  ebullition  of  the  water,  impregnates  the 
wood  with  humidity,  augments  its  elasticity,  and  renders  it ' 
fit  to  be  curved.  Vapour  stoves  require  little  cure  or  expense ; 
but  they  can  only  be  used  for  planks  of  a  certain  thickness,  be- 
cause they  cannot  impart  to  wood  a  higher  temperature  than 
that  of  boiling  water,  which  is  insufficient  to  give  thick  pieces 
the  elasticity  they  require  in  order  to  be  curved. 

These  considerations  led  to  the  invention  of  the  sand  stove. 
which  is  formed  of  four  walls  of  stone  or  brick,  having  in 
the  middle  two  fire-places  that  communicate  wilh  several 
circular  flues  to  convey  the  caloric,  the  heated  air,  and  smoke, 
to  the  two  chimnies  at  each  end.  Over  these  flues  arc 
plates  of  metal,  forming  the  bottom  of  the  chest  in  which 
the  sand  is  put.  The  flame  and  the  smoke  circulating  in 
the  flues,  heat  the  plates,  which  communicate  heat  to  the 
sand.  This  stove  is  an  imitation  of  the  sand  hatha,  which 
have  been  immemorially  employed  in  a  great  number  Of  che- 
mical Operations,  and  in  various  manufactories,  for  dLffording 
an  equal  heat. 

Ai  Band  is  capable  of  being  heated  to  a  moch  higher  ten* 
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peratore  than  boiling  water,  the  wood  placed  in  this  kind  of 
stove  may  be  subjected  to  a  much  more  powerful  heat ;  but  if 
there  was  nothing  in  the  stove  but  the  sand  and  the  wood,  the 
heat  might  disengage  from  the  latter,  the  gaseous  substances 
which  compose  it,  and  convert  it  into  charcoal.  To  prevent 
this,  one  or  two  boilers,  filled  with  water,  are  placed  in  the 
middle  of  the  stove.  The  steam  created  by  their  ebullition 
impregnates  the  sand  with  humidity,  which  likewise  pene* 
trates  the  wood,  and  the  heat  evaporates  only  the  water  which 
is  continually  supplied  by  that  wnich  is  disengaged ;  by  these 
means,  the  constituent  parts  of  the  wood  are  preserved. 

It  may  be  supposed  that  in  this  operation,  some  portion  of 
the  component  parts  of  the  wood  are  evaporated,  and  that  at 
is  consequently  liable  to  a  commencement  of  deterioration : 
but  if  care  be  taken  to  remove  it  as  soon  as  it  is  su£5cientlj 
hot  and  humid,  the  injury  is  imperceptible. 

The  sand  stove  is  covered  throughout  its  whole  length,  to 
impede  evaporation  and  the  loss  of  heat. 

The  wood  is  introduced  lengthways  into  the  stove,  at  the 
two  ends,  and  being  placed  on  gratings  fixed  for  the  purpose, 
it  is  covered  with  sand. 

When  the  wood  has  been  rendered  sufficiently  hot  and 
humid,  it  must  be  bent  upon  a  surface  making  the  desired 
curve.  The  force  which  produces  the  curvature  may  act  by 
means  of  cords,  pulleys,  and  even  capstans.  The  piece  halt- 
ing assumed  the  desired  form,  it  must  be  left,  with  the  force 
still  acting  upon  it,  to  cool  and  dry. 

When  the  piece  of  wood  is  not  thick,  the  pressure  of  men, 
or  even  of  weights,  will  frequently  aflford  sufficient  force  te 
produce  the  necessary  curvature. 

Advantageous  Method  of  converting  the  Trunks  of  Trees  into 

square  limber. 

The  method  we  are  about  to  describe,  of  converting  all  tim- 
ber that  is  straight,  and  intended  for  square  beams,  to  great 
advantage  in  general  use,  is  included  in  Smart's  patent  for 
hollow  masts ;  but  the  ingenious  patentee,  as  far  as  relates  to 
lessening  the  consumption  of  English  oak,  and  introducing 
the  larch  and  firs  of  our  own  growth  into  general  use,  has 
liberally  granted  licences  to  all  who  choose  to  apply  to  him  for 
them,  with  some  trifling  exceptions  with  respect  to  masts, 
yards,  bowsprits,  &c. 

Fig  4,  is  a  section  of  the  but-end  of  a  tree,  two  feet  in 
diameter,  sawn  or  chopped  diagonally.  Fig.  6,  is  the  other 
end,  sawn  square,  one  toot  each  side:  cot  it  exactly  through 
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the  centre  in  two  cross-cut:^,  a  b,  d  e;  it  will  produce  four 
pieces,  which  are  put  together,  as  in  fig.  6  and  7,  with  the 
centre  turned  outwards,  the  but-end  of  one  piece  with  the 
small  end  of  the  other,  and  dowel  and  bolt  them  together  as 
to  fior.  8.  A  beam  will  then  be  formed,  whose  section  is  shewn 
in  fig.  6  and  7,  regular  from  one  end  to  the  other,  with  the 
advantage  of  having  the  heart  of  the  tree  in  the  place  where 
the  hardness  and  strength  are  most  wanted,  viz.  in  the  cor- 
ners, which  form  the  abutments;  whereas  the  same  tree  squar- 
ed into  a  parallel  beam,  would  have  been  much  smaller^  and 
the  soft  or  sappy  parts  of  the  wood  exposed  to  the  action  of 
the  air  and  moisture.  In  flush  framing,  it  is  observable,  that 
the  failure  of  all  timber  in  old  buildings  has  commenced  much 
sooner  than  it  otherwise  would  have  done,  owing  to  the  sappy 
wood  being  at  the  corners  of  the  principal  beams.  This  sappy 
wood  soon  decays,  as  its  spongy  quality  attracts  the  moisture; 
whereas  the  heart,  especially  of  oak,  will  be  as  sound  as  the 
first  day  it  was  used. 

As  beams,  taking  their  weight  horizontally  or  on  any  trans- 
verse bearing,  have  their  principal  strain  on  the  upper*  and 
lower  surface,  every  workman  ought  to  guard  against  having 
sap  in  beams,  because  if  they  do  not  imndediately  decay,  they 
shrink,  so  as  to  loosen  all  the  framing,  and  soon  cripple  the 
building  or  machine;  but  on  the  above  plan,  the  sappy  or 
worst  part  of  the  wood  is  excluded  from  what  would  cause  its 
decay,  and  the  timber  increased  in  quantity  so  as  considerably 
to  overbalance  the  extra  labour  and  expense.  A  tree  of  oak, 
forty  feet  long,  two  feet  in  diameter  at  the  but-end,  and  one 
foot  at  the  top,  when  put  together  on  this  plan,  will  have  its 
sides  each  eighteen  'inches  square,  and  will  contain  ninety 
feet;  whereas  on  the  old  plan,  lorty  feet  would  be  the  contents 
of  a  square  beam  cut  from  the  same  tree  ;^  fifty  cubic  feet  would 
have  been  cut  off  as  slabs,  or  chopped  up  for  the  fire.  Esti- 
mating the  expense  of  thus  putting  together  a  beam,  of  the 
dimensions  in  question,  to  cost  £3,  (and  it  would  probably  not 
amount  to  more  where  the  price  of  labour  is  highest,)  and  the 
fifty  feet  saved  to  be  worth  no  more  than  £6;  the  proprietor 
would  save  £3  by  each  beam  so  converted.  The  dowels  ought 
not  to  go  through,  as  that  would  weaken  the  timber.  In  an 
eighteen-inch  beam,  the  dowels  should  come  within  three 
inches  of  the  outside ;  but  where  a  mortise  is  cut  in  place  of 
a  dowel,  it  is  proper  to  have  an  iron  screw  bolt  to  prevent  the 
joint  opening  with  the  pressure  of  the  tenon ;  and  the  work 
3iight  to  be  put  together  with  screw  clamps,  for  nails  or  ham- 
mmn  bruise  the  wood,  and  weaken  or  destroy  the  cohesion  of 
its  fibres  for  a  considerable  depth. 
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Of  the  Tools  tised  in  the  working  of  Wood. 

We  do  not  here  intend  to  speak  of  the  tools  used  in  turning 
wood,  they  having  been  already  noticed.  We  allude  more  par- 
ticularly to  the  tools  required  by  the  carpenter,  joiner,  and  ca- 
binet-maker, and  which  differ  not  from  each  other  so  much  in 
their  general  construction  and  name,  as  in  size,  and  the  varieties 
necessary  for  coarse  and  large,  or  ornamental  and  small  work* 
We  offer  the  enumeration  of  the  tools  used  by  these  artisans, 
not  with  the  hope  that  the  mere  enumeration  will  convey  any 
information  of  importance,  but  to  afford  an  opportunity  of 
making  a  few  remarks  on  the  mode  of  using  and  choice  of 
them,  and  on  those  peculiarities  in  their  form,  upon  which 
their  excellence  chiefly  depends. 

The  principal  tools  employed  in  the  working  of  wood,  bi% 
the  axe,  the  adze,  various  sorts  and  sizes  of  saws,  planes, 
chisels,  hammers,  and  boring  tools. 

The  construction  of  the  axe  and  the  adze,  and  their  use  ia. 
chopping  or  hewing,  scarcely  require  any  remark*  In  grinding 
these  tools  for  use,  the  general  rule  observed  in  grinding  au 
other  edge-tools  must  be  attended  to,  viz.  that  of  suiting  their 
edge  to  the  work  for  which  they  are  intended.  When  the 
wood  they  are  to  cut  is  hard  and  knotty,  the  part  ground  off 
to  form  tne  edge  must  be  short,  so  as  to  leave  the  tool  rather 
thick  and  strong  near  the  edge;  on  the  contrary,  for  soft^ 
clean-grained  stuff,  the  part  alluded  to  may  be  brought  to  an 
acute  angle,  so  as  to  form  a  thin  wedge.  A  workman  applied 
his  axe  to  the  chopping  of  bones,  and  thought  the  metal  it 
was  made  of  very  bad,  or  badly  tempered,  because  it  became 
notched  or  gapped,  almost  at  every  stroke,  till  the  edge  was 
gone.  The  fact  was,  that  it  was  ground  to  so  acute  an  angle 
as  only  to  be  fit  for  cutting  fir.  Such  mistakes,  however  gross, 
are  not  uncommon.  The  tool  in  question  should  have  been 
ground  so  as  to  have  had  an  edge  almost  like  that  of  the 
chisel  for  chipping  iron.  The  axe  is  ground  on  both  sides  to  ^ 
form  the  edge :  the  adze  is  a  much  thinner  and  lighter  tool 
than  the  axe,  it  is  ground  only  on  one  side,  namely,  the  inner; 
the  part  ground  is  at  a  ri^ht  angle  to  the  handle ;  and  the 
blade  is  arched  to  the  portion  of  a  circle,  the  radius  of  which 
is  somewhat  less  than  the  length  of  the  handle.  The  adze  is 
much  used  by  the  cooper,  as  well  as  the  carpenter  and  joinery 
it  will  pare  away  very  thin  slices  or  chips,  and  leave  a  much 
smoother  surface  than  the  axe,  which,  besides,  cannot,  like 
it,  be  applied  to  a  surface  in  a  horizontal  position.  That  part 
of  an  axe,  adze,  or  any  other  tool,  which  is  grouifd  off  to  rona 
the  edge,  is  called  the  basH. 
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Of  Saws. 

Saws  are  made  of  plates  of  steel;  if  they  possess  grent  elas- 
ticity, and  bend  equally  in  a  bow,  they  are  judged  to  be  well 
tempered,  and  evenly  ground.  The  edge  in  which  the  teeth 
are  cut,  ia  thicker  than  the  back,  that  the  back  may  readily 
follow  the  edge.  The  teeth  are  cut  aod  sharpened  with  a  tri- 
angular file,  the  blade  of  the  sow  being  first  fixed  in  a  whet- 
ting block  or  vice.  After  the  teeth  have  been  filed,  they  are 
set,  that  is,  turned  out  of  the  richt  line,  that  they  may  make 
the  kerf  or  fiseure  wider  than  the  thickness  of  the  saw-plate, 
and  thus  prevent  the  friction  which  would  otherwise  impede 
tliB  motion  of  the  tool.  If  the  first  tooth  be  bent  to  the  left, 
then  the  next  is  turned  to  the  right,  and  so  on  ;  and  it  may 
also  be  remarked,  that  the  eictremity  of  each  tooth,  at  the  out- 
side  corner,  is  left  higher  than  on  the  inside  comer,  which 
tends  to  facilitate  the  cutting.  Hence  it  will  be  observed, 
that  the  teeth  of  Smart's  circular  saw,  which  have  been  par- 
ticularly noticea,  are  formed  in  the  same  way  as  those  of  the 
common  saw,  and  for  the  same  reasons,  in  addition  to  those 
stated  on  page  99. 

The  instrumeDt  with  which  itit-  tpeth  of  saws  are  bent,  is 
usually  a  pieoe  of  iron  or  steel,  fi"  or  six  inches  long,  with 
several  nicks  in  the  edge,  at  right  angles  to  its  length,  and  ol 
difi'erent  sizes.  The  tooth  intended  to  be  bent,  being  slipt  into 
the  nick  which  it  will  exactly  fill,  and  the  saw  in  the  mean  time 
being  held  fast,  the  effect  of  bending  the  tooth  may  readily  be 
produced  by  twisting  the  instrument  up  or  down.  The  teeth  of 
a  saw  are  made  larger  for  coarse  cheap  stuff,  than  for  hard  and 
fine,  in  cutting  which  large  teeth  would  make  too  great  a  re- 
sistance. The  plate  of  a  saw  should  be  quite  straight,  or  it 
cannot  be  depended  upon  for  making  a  straight  kerL 

In  tar;re  towns,  there  are  men  who  earn  a  portion  of  theit 
livelihood  hy  wharpening  saws,  and  those  who  perform  the 
business  well,  receive  considerable  praise  for  their  ingenuity, 
fromjourneymen,  not  always  of  the  most  clumsy  and  idle  class, 
who  employ  them  without  refiecting  that  the  skill  they  admue 
is  easily  attained  by  a  little  attention ;  that  the  time  employed 
in  carryin<r.  looking  after,  and  fetching  their  tools,  is  generally 
equal  to  what  would  be  required  for  repairing  them  at  home  ; 
and  that  they  can  therefore  seldom  call  themselves  gainers, 
oven  if  tht-y  had  nothing  lo  pay  for  the  work  they  have  had 
done,  or  if  it  were  no  inconvenience  to  be  for  a  time  deprived 
of  a  tool  almost  conatunlly  required  to  be  at  hand.  The  teeth 
of  saws  havi'  ■  proper  degree  of  acuteness,  when  comprising 
An  angle  of  about  sixty  degrees.  In  sharpening  them,  tbc 
6.— Vot.  I.  P 
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The  whip-taw.— HandHiaw. — ^PMwd-saw.-— Frame-iaw. — ^Tenon-aaw. 

whole  of  the  outer  arris  of  each  tooth,  should  be  made  sharp; 
this  can  only  be  done  by  moving  the  file  in  a  straight  direc- 
tion, which  will  make  the  slanting  sides  of  the  teeth  fla.t. 
Saws  used  for  dividing  wood  longitudinally,  or  in  the  direc- 
tion of  its  fibres,  may  have  the  front  edge  or  apex  of  each 
tooth  standing  almost  as  forward  as  the  base  of  the  tooth  on 
that  side  next  the  lower  end  of  the  plate.  But  this  form,  in 
transverse  or  cross^cutting,  would  be  inconvenient,  as  it 
would  hinder  the  workman  from  pushing  forward  the  saw; 
tenon-saws  are  therefore  usually  made  so  that  the  apex 
of  the  tooth  is  not  more  forward  than  the  centre  of  its 
base. 

The  saws  in  most  common  use  are  the  following,  viz.  the 
fit^saw,  which  is  a  large  two-handed  saw,  for  sawing  timber 
m  pits,  chiefly  used  by  the  sawyers. 

The  whip-saw,  which  is  also  two-handed,  is  used  in  sawing 
such  large  pieces  of  timber  as  the  hand-saw  will  not  easily 
reach. 

The  hand-saw,  which  is  made  for  a  single  man's  use ;  the 
length  of  the  plate  is  about  twenty-six  inches,  and  it  is  gene- 
rally made  with  about  four  teeth  in  an  inch.  It  is  used  in 
cutting  wood  across,  as  well  as  in  the  direction  of  its  fibres. 
The  teeth  toward  the  lower  end  of  it  are  rather  smaller  than 
those  at  the  tipper  end,  or  broadest  part  of  the  plate,  which 
facilitates  the  working  of  the  saw  in  that  part  of  its  course, 
when  the  workman  has  the  least  power  upon  it,  and  the  wood, 
on  the  surface  and  at  the  sides  of  the  kerf,  particularly  in 
cross-cutting,  are  not  so  much  torn  as  they  would  be  if  the 
teeth  were  all  of  equal  size. 

The  plate  of  the  pannel-saw  is  about  the  same  length  as  that 
of  the  hand  saw,  but  it  contains  about  half  as  many  more 
teeth  in  the  same  compass.  It  is  used  for  cutting  very  thin 
boards  in  any  direction  which  may  be  required. 

The  bow  or  frame-saw  is  furnished  with  cheeks;  by  the 
twisted  cords  from  the  upper  parts  of  these  cheeks,  and  the 
tongue  in  the  middle  of  them,  the  upper  ends  are  drawn  closer 
together,  and  the  lower  set  further  apart;  so  as  to  tighten  the 
plate,  which  is  too  long  and  narrow  to  be  kept  straight  with- 
out a  frame. 

The  tenon*$aw  is  used  for  cutting  across  the  fibres  of  wood, 
and  derives  its  name  from  its  use  in  forming  the  shoulders  of 
tenons.  The  smallest  saw  to  which  this  name  is  given,  is 
about  fourteen  inches,  and  the  largest  about  twenty  inches 
long.  The  number  of  teeth  in  an  inch  are  from  eight  to  ten, 
according  to  the  length  of  the  plate,  the  larger  sizes  of  which 
hare  tlie  fewest  teeth  in  the  same  compass. 
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The  saw  used  in  cutting  the  tenons  of  sashes,  is  called  a 
tttih-iaw!  the  plate  is  abotit  eleven  inches  In  length,  and  the 
numher  of  teeth  in  the  inch  ahout  fouvleen. 

The  dave-lail-saio  is  used  by  joiners  and  cabinet-makers  in 
do»e-tailing  drawers,  8ic. ;  the  plate  is  about  nine  inches  long, 
and  the  number  of  teeth  in  the  inch  about  fifteen. — ^Theplatea 
of  the  tenon-saw,  the  sash-saw,  and  the  dove- tail-saw,  are  so 
thin,  that  the  back  of  them  is  let  into  a  stout  piece  of  iron  or 
brass,  to  keep  them  from  bending,  and  as  they  are  not  intend- 
ed to  cut  into  wood  their  whole  breadth,  this  addition  is  no 
disadvantage. 

The  compass-saw  is  used  for  cutting  a  circular  or  any  other 
compass  kerf:  its  formation  is  peculiar ;  the  teeth  are  not  set, 
as  the  setting  of  a  saw  has  a  tendency  to  keep  it  in  a  right 
line  ;  the  teeth  are  small,  about  five  in  an  inch  ;  the  plate 
narrow,  about  an  inch  in  the  broadest  part,  and  gradually  di- 
minishing to  about  a  quarter  of  an  inch  at  the  lower  end;  the 
cutting  edge  is  thick,  and  the  back  very  thin,  so  that  it  may 
have  a  compass  to  turn  in.  The  sides  of  this  saw  should 
either  be  correctly  flat,  or  a  little  concave  like  a  raior,  other- 
wise it  will  not  work  well. 

A  small  kind  of  compass-saw,  called  a  kej/-hole-sau}.  is  used 
'  for  quick  curves,  such  as  key-holes.  The  liandle  is  long,  and 
in  shape  similar  to  that  of  a  chisel,  but  perforated  through  lU 
whole  length,  in  order  that  the  saw,  which  is  fixed  by  a  screw, 
may  be  set  at  any  distance  within  the  handle.  Hence  in  cut- 
ting the  smallest  curves  to  which  it  can  be  auplied,  or  at  the 
commencement  of  the  work,  or  when  it  is  only  wanted  to  saw 
through  an  inconsiderable  depth,  but  a  small  portion  of  the 
saw  is  allowed  to  pitiject  from  the  handle;  by  which  means 
the  springing  or  unsteadiness  of  sawing  witn  the  end  of  a 
long  narrow  blade  is  avoided,  and  more  force  can  be  applied, 
without  the  hazard  of  breaking  the  plate. 

0/  Planes. 

Planes  of  different  kinds  form  a  very  important  part  of  the 
tools  of  artizans  in  wood.  A  few  remarks  in  explanation  of 
technical  terms,  will  enable  us  subsequently  to  be  more  concise 
and  intelligible  in  noticing  this  class  of  tools.  The  block  of 
wood  in  which  the  blade  or  chisel  of  a  plane  is  fixed,  is  called 
the  stock ;  it  is  mostly  made  of  beech  or  some  other  hard  wood, 
exceedingly  well  seasoned.  The  blade  or  chisel  is  called  the 
iron ;  it  is  composed  of  iron  and  steel  welded  together,  the 
fore  part  of  the  lower  half  of  it,  when  in  the  stock,  containing 
the  steel.  The  under-side  of  the  stock  is  called  the  sole 
The  height  or  depth  of  a  plane  are  synonymous  terms,  signify- 
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ing  the  dimension  from  the  sole  to  the  upper  surface.  The  , 
handle  of  a  plane  is  called  the  tote.  That  part  of  the  apertum 
in  the  stock  upon  which  the  iron  is  laid  and  secured  b^  the 
wedge,  is  called  the  bed,  which  is  a  plane  surface,  making  a 
different  angle  with  a  line  perpendicular  to  the  sole,  according 
to  the  use  for  which  the  plane  is  intended.  For  the  jack -plane, 
the  trying  and  the  smoothine-planes,  the  angle  of  the  bed  is 
usually  from  forty-two  to  forty-five  degrees;  for  moulding 
planes  about  thirty-five,  and  for  those  planes  which  operate 
by  scraping,  it  is  almost  perpendicular,  not  making  an  angle  of 
more  than  five  or  six  degrees.  The  angle  which  the  iron  make* 
veith  the  perpendictdar  alluded  to,  is  called  its  pitchy  and  the 
greater  this  angle^  the  lower  is  said  to  be  the  pitch  of  the  imi. 
Tlie  basil  of  tiie  iron  forms  an  acute  angle  with  the  steel  side^ 
vrhich  is  not  ground,  but  always  kept  level.  In  grindthg  ana 
whetting  plane  irons,  the  basil  must  be  made  as  flat  as  poM^ 
sible,  or  in  a  small  degree  concave,  otherwise  it  will  not  seem 
to  be  sharp  when  in  use. 

Planes  are  generally  about  three  inches  atid  ^ne-eightb 
deep ;  the  jack-plane  is  sometimes  rather  more,  And  the  smooth- 
ing-plane  is  mostly  rather  less.  The  blades  of  ptahes  are,  in 
many  cases,  made  double,  a  simple  expedient  of  remarkable  ^ 
utility  in  planing  cross-grained  stuJBT.  The  addition  made  to  * 
the  blade  for  this  purpose,  consists  of  a  piece  of  iron  of  the 
same  breadth  as  the  blade,  with  its  lower  end  very  thin,  atld 
of  the  same  shape  at  the  ed?e  as  the  edge  of  the  blade.  This 
piece  of  iron,  usually  called  the  top-iton,  is  connected  by  a 
screw  with  the  blade,  at  any  necessary  distance  from  the  edge 
of  which  It  can  be  fixed.  The  top-iron,  the  edge  of  which 
should  never  extend  below  the  sole,  is  fastened  upon  the  front 
or  steel  side  of  the  blade,  and  the  space  between  its  edge  and 
that  of  the  blade,  determines  the  thickness  of  the  shavings 
It  is  always  necessary  to  mak^  the  top-iron  fit  the  blade  so 
correctly  that  no  shaving  can  jget  between  them ;  for  this  end, 
it  is  arched  a  little  towards  tne  lower  end,  and  the  concave 
side  of  this  arch  being  turned  inwards,  the  screw  necessarily 
makes  the  edge  fit  closely  the  level  surface  of  the  blade.  Tm 
top-iron  is  generally  employed  in  the  jack-plane,  ahd  almoat 
always  to  tne  tryine-plane,  the  long-plane>  and  the  jointer. 
To  the  smoothing-plane,  and  the  various  dofts  of  moulding* 
planes,  it  is  not  used. 

If  the  iron  of  A  plahe  project  too  fAr>  the  blow  of  ft  hfeunmeri 
on  the  fore  «nd  or  the  stock,  will  slacken  the  if«dgd  and  raiM 
It  in  a  small  de^e.  In  this  case,  the  we^ge  rikust  be  re* 
fastened  by  driving  it  down  with  a  light  blow  or  two  before 
tke  {>lsne  is  nhtd  again*    A  smart  blow  oh  tih«  fbi^  etid  of  it 
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bne  will  loosen  the  wedge  so  much  that  the  iron  may  easil*  | 
m  withdrnwD  by  the  haud.  Instead  of  striking  the  i'orc  enag  J 
for  these  purposes,  some  workmen  strike  the  upper  surface  w  I 
the  stock,  near  the  orifice  for  the  slinvings. 

The  jack-plane  used  by  joiners,  is  generally  about  seventeen  I 
inches  in  length.     Its  use  is  to  take  off  the  greater  irregulaiM4 
ties  of  the  stuff,  left  by  the  a\e,  the  adze,  or  the  saw,  and  Up 
is  therefore  the  first  plane  trmpluyed.     To  suit  the  coarseness 
of  its  work,  the  cutting  edge  of  tlie  iron  rises  with  an  arch  c 
considerable  convexity  in  the  middle,  and  the  opening  or* 
mouth  which  admits  the  shavings  through  the  stock,  is  wider  at'- ■ 
the  sole  than  that  of  any  other  plane.     The  iron  is  often  used* 
without  a  cover;  the  quantity  of  its  projection  must  be  regu- 
lated hy  the  texture  of  the  stuff,  in  proportion  to  the  hardness 
or  knottiness  of  which  it  must  be  lessened;  the  due  degree  at 
it  is  easily  ascertained  by  trial :  it  must  be  adjusted  so  as  not, 
on  one  hand,  to  require  hard  pressing  down,  or  many  strokes 
to  be  made  in  reducing  the  wood;  nor,  on  the  other,  to  fatigue 
the  workman  and  tear  the  stuff,  by  taking  hold  too  keenly. 
The  convexity  of  the  cutting  edge  of  the  iron,  prevents  tbck 
corners  from  entering  the  wood,  whichought  never  to  occur/i 
as  the  effect  would  he  to  spoil  the  work  and  impede  the  pro- 
gress of  the  artisan. 

When  a  piece  of  stuff  has  been  nearly  reduced  to  the  intend- 
ed  form  by  the  jack-plane,  the  tryiiig-piane-is  made  use  of  to 
produce  a  higher  degree  of  regularity  and  smoothness.  It  is 
four  or  five  inches  longer  than  the  jack-plane,  and  its  iron  is 
broader,  set  with  a  less  projection,  not  so  convex  on  the  edge, 
and,  like  the  two  following  sortsof  planes,  always  used  double. 
This  plane,  in  taking  off  a  shaving,  is  pushed  along  the  wholat^ 
length  of  the  stuff,  whereas  the  strokes  given  with  the  jack'^ 
plane  are  only  within  arms'  length. 

The  third  plane  made  use  of  in  facing  a  piece  of  stuff  witld 
the  utmost  exactness,  is  the  long-plane,  which  is  four  or  firrf 
inches  longer  than  the  trying-plane,  and  proportionateljl 
broader,  while  the  projection  and  convexity  of  the  iron  r~^ 

r  yiie  joiHlir  is  the  longest  plane  of  all ;  its  edge  is  very  fine,. 
fui  scarcely  sltinds  out  above  a  hair's  breadth;  it  is  clueRy 
need  for  shooting  the  edges  of  boards  perfectly  straight,  Sif 
that  when  joined  together  their  surfaces  will  exactly  coincide.) 
and  the  tuncture  be  hardly  discernible.  The  jointer  is  mad»< 
about  thirty  inches  long. 

~  As  the  lust-mentioned  plane,  from  its  extraordinary  diniea  i 
,  would  be  unhandy  in  shooting  short  blocks,  a  short' 
1  of  jointer,  calltd  Llie  strike-litoek,  is  also  ia  couunon  u«e<> 
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It  is  much  employed  in  planing  the  ends  of  boards,  across  tho 
fibres,  and  the  inclined  plane  forming  the  bed,  is  lower  than 
that  of  the  jointer.  When  employed  for  soft  wood,  the  angle 
is  only  increased  two  or  three  de^ees ;  but  for  fine  cabinet 
work,  when  the  stuff  is  hard,  it  is  often  considerably  more,  so 
as  to  make  an  angle  with  the  perpendicular  of  fifty-five  or  even 
sixty  degrees.  In  the  latter  case,  the  position  of  the  basil  is 
reversed,  so  as  to  be  in  front,  or  next  the  fore  end  of  the  stock. 
The  usual  length  of  the  strike-block  is  eleven  or  twelve  inches. 

The  smoothin^-plane  is  about  seven  inches  in  length,  it  has 
no  tote  or  handle,  and  otherwise  differs  in  shape  from  any  of 
the  planes  yet  mentioned.  The  sides  of  the  stock  are  convex, 
and  its  whole  figure  resembles  that  of  a  co£Bn.  The  inclina- 
tion of  the  bed  is  similar  to  that  of  the  jointer,  which  it  also 
resembles  in  the  set  of  the  iron.  It  is  the  last  plane  used  in 
finishing  off  the  surface  of  wood,  and  from  its  smallness  can 
easily  be  applied  to  smooth  any  small  part  which  the  laree 
planes  cannot  touch ;  and  the  direction  in  which  it  is  wrougnt 
can  also  be  varied  with  facility,  so  as  to  suit  cross-grained  stuff. 
To  secure  these  advantages  more  effectually,  it  is  wrought, 
like  the  jack-plane,  with  short  strokes.  From  this  description 
of  its  use,  it  will  be  obvious,  that  though  it  is  used  in  finish- 
ing off  wood,  it  is  smoothness,  and  not  straigktness  of  surface, 
which  it  is  calculated  to  produce.  But  if  the  work  be  well 
managed,  tlie  inequalities  which  it  leaves  are  not  perceptible 
to  the  eye,  and  are  therefore  left  with  impunity  in  tables, 
bureaus,  desks,  and  othefi*  furniture,  even  of  the  best  kinds. 

Though  the  double  iron  is  an  excellent  invention,  and  the 
use  of  it  is,  in  fact,  the  best  general  remedy  known  against  the 
curling  or  cross-grained  stuff  of  ordinary  quality;  yet,  without 
some  other  assistance,  the  planing  of  many  of  the  finest  spe- 
cimens of  mahogany,  and  many  other  woods,  among  which 
fustic  may  be  particularly  mentioned,  would  be  to  the  last 
degree  a  difficult  and  perplexine  operation  to  the  workman. 
Hence  a  plane,  the  stock  of  which  is  usually  made  of  the 
shape  and  size  of  the  smoothing-plane,  is  fitted  up  so  as  to 
act  by  scratching  or  scraping.  The  blade,  or  iron,  on  the 
steel  side  of  it,  is  covered  with  rakes  or  small  grooves  close  to 
each  other,  and  all  of  them  in  the  direction  of  its  length : 
when  therefore  it  is  ground,  and  the  basil  formed,  its  edge 
presents  a  series  of  teeth  like  those  of  a  fine  saw ;  tiie  bed  of 
the  stock  intended  to  receiye  it  is  inclined  only  about  six  de- 
grees, and  consequently  when  the  iron  is  fixed  it  is  almost  per- 
pendicular. On  account  of  these  teeth  in  the  iron,  the  plane 
obtains  the  name  of  th^  tooth-plane.  With  this  kind  of  a  plane, 
however  hard  the  stuff  may  be,  or  however  oross  and  twisted 
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its  grain,  the  surface  may  be  made  esery-where  alike,  and  will 
not  be  rougher  than  if  it  had  been  rubbed  with  a  piece  of  new 
figb-skin.  This  roughness  may  be  effectually  removed  with 
the  scraper,  which  is  a.  thin  plate  of  steel,  like  part  of  a  com- 
raou  case-knife,  the  back  of  it  being  let  into  a  piece  of  wood, 
OB  a  handle. 

To  fonn  the  concave  or  convex  surfaces  flf  the  rims  of  car- 
riage-wheels, or  the  top  rails  of  a  camp-bedstead,  and  work  of 
a  similar  nature,  the  sole  of  the  plane  must  be  curved  in  the 
same  degree  as  the  concavity  or  convexity  to  be  produced. 
Planes  of  this  description  are  called  compass-planes;  they  re- 
semble the  smooth ing-plane  in  size,  and  also  in  shape,  except- 
ing so  fur  as  regards  tne  curve  of  the  sole.  A  plane,  of  the 
size  and  shape  in  question,  with  a  concave  sole,  is  also  dis- 
tiogut&hed  by  the  name  ofa/orhtajf-plane;  and  one  whichU 
convex,  is  sometimes  called  a  round-sole. 

The  rabbet  or  rebating  plane,  is  employed  in  taking  away  (by 
shavings)  from  the  edge  of  a  board,  a  piece  in  the  form  of  a 
square  or  rectangular  prism,  so  as  to  leave  a  groove  consisting 
of  two  surfaces  at  right  angles  to  each  other.  This  mode  of 
reducing  the  stuif  is  required  for  some  cornices,  and  varions 
sorts  of  ornamental  work.  The  groove  formed  by  the  rebating- 
plane,  is  %lso  employed  to  receive  the  edge  of  another  boanl 
cut  in  a  similar  manner,  so  that  the  two  lap  over  each  other  to 
the  breadth  of  the  rebate,  and  form  one  even  surface.  Rebate 
iug-plunea  deliver  their  shavings  at  the  side,  and  not  at  the 
top,  like  the  planes  hitherto  described.  They  are  also  of  va- 
rious kinds;  some  of  them  are  provided  with  a  fence  which 
regulates'  the  horizontal  breadth,  and  others  with  a  stop,  which 
determines  the  vertical  extent  or  depth  of  the  rebate;  while 
some  have  both  stop  and  fence,  and  others  neither.  Rebatiog- 
planes  without  a  fence  have  the  iron  the  whole  breadth  of  the 
sole;  some  of  them  have  the  cutting  edge  of  the  iron  only  on 
the  side,  and  others  only  on  the  bottom  of  the  stack;  tDCse 
are  employed  for  dressing  and  finishing  with  exactness,  sepa- 
rately, either  aide  of  the  rebate. 

•The  plane  by  which  a  square  groove  is  taken  out  of  the  edge 
of  a  board,  so  as  to  leave  a  ridge  on  each  side,  is  called  a 
plauf^h,  and  the  operationof  cutting  with  it  is  called  ploughing. 
To  prevent  Uie  necessity  of  having,  for  grooves  of  different 
sizes,  a  great  number  of  ploughs,  which  would  be  cumbersome 
and  expensive,  a  tool  of  this  description,  called  a  universal 
plough,  is  manufactured.  The  stop  and  fence  of  the  universal 
plough  are  moveable,  and  it  admits  alternately,  according  to 
the  extent  of  the  groove  desired,  ten  or  a  dozen  different  sizea 
of  irons. 
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Maulding'f^kmes  admit  of  the  greatest  diversity  of  contour, 
which  is  necessarily  the  reverse  of  the  moulding  produoed* 
Hie  figure  of  the  edge  of  the  iron  and  that  of  the  sole,  should 
exactly  correspond ;  in  whetting  the  iron,  great  care  must  h€ 
taken  not  to  injure  its  form :  the  whole  of  the  sole,  or  at  least 
the  ridges  of  the  moulding,  especially  if  narrow  at  the  base, 
should  be  made  df  box*wood,  which  unites,  in  a  greater  de- 

free  than  perhaps  any  other  wood,  the  valuable  properties  of 
ardness,  toughness,  smoothness,  and  durability. 


Of  Chisels. 

The  very  large  chisels  used  by  carpenters,  millwrights,  and 
others,  for  heavy  coarse  work,  are  generally  composed  of  iron 
and  steel,  welded  together, — the  steel  forming  but  a  small 
portion  of  the  whole  mass  of  metal,  as  it  seldom  extends  higher 
than  the  broad  part  of  the  tool,  and  often  constitutes  no  more 
than  a  third  of  the  thickness.  The  small  and  middle-sised 
chisels  of  the  best  kind,  are  always  made  of  cast  steel.  Aa 
all  chisels,  not  exclusively  employed  in  turning,  are  driven 
more  or  less  by  percussive  force,  they  are  (except  the  socket 
chisel)  provided  with  a  shoulder,  which  abuts  against  the  ena 
of  the  handle  into  which  the  tang  is  driven,  and  prevents  it 
from  being  split  by  blows.  The  basil  of  chisels  is  on  one 
side,  and  if  well  formed  should  be  auite  flat. 

The  gouge  used  by  the  joiners  ana  cabinet-makers  is  similar 
to  that  of  the  turner,  though  not  always  sharpened  in  the  same 
way.  The  edge  is  generally,  by  joiners  and  cabinet-makers, 
for  small  work,  made  strai^t  across  the  end,  and  not  convex 
like  the  turner's  gouge.  The  millwrights,  again,  often  make 
^the  basil  on  the  hollow  or  concave  side  of  the  gouge,  in  order 
to  cut  with  it  perpendicularly. 

The  thin  broad  chisel,  the  sides  of  which  are  parallel  for  a 
certain  length,  and  which  afterwards  becomes  narrower  to- 
wards the  shoulder,  obtains  the  name  of  the  Jirmer  chisel  when 
driven  by  the  mallet,  and  of  the  paring  chisel,  when  the  hand 
only  is  employed  in  cutting  with  it. 

The  common  mortise  chisel,  the  section  of  which  is  a  rect- 
angle approaching  'almost  to  a  square,  is,  as  its  name  im* 
]^lie»,  employed  in  making  mortises ;  the  basil  is  made  on 
one  side  of  its  narrow  sides.  It  is,  from  its  form,  very  strong, 
which  ia  necessary,  not  only  on  account  of  its  having  to  nm^ 
tain  extremely  heavy  blows  with  the  mallet,  but  because  it  ia 
|Hirtly-  used  as  a  lever  to  get  out  the  pieces  of  wood  as  they 
are  severed,  in  the  course  of  cutting  tne  mortise. 
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The  socket-chisel  ia  distinguished  from  other  chisels  by  its 
having  a  conical  socket,  instead  of  a  tang  and  shoulder,  to  re* 
oeive  the  handle.  It  is  used  for  the  same  purposes  as  the 
mortise-chisel,  but  is  not  so  thick  in  proportion  to  its  breadth 
It  is  much  used  for  very  large  work. 

The  upper  end  of  the  handles  of  chisels  which  are  driven 
by  percussion,  should  be  made  convex,  as  they  will  then  be 
least  liable  to  be  split  or  injured  by  blows. 

Boring  Took. 

The  largest  of  the  boring  tools  for  wood,  is  the  auger.  The 
oldest  construction  of  the  auger,  which  is  yet  in  common  use, 
in  various  parts  of  the  country,  cannot  be  wrought  till  a  small 
excavation  has  been  made,  which  is  mostly  done  with  a  gouge, 
at  the  place  where  the  hole  is  to  be;  and  till  the  auger  arrives 
at  a  considerable  depth,  the  motion  of  it  is  very  unsteady* 
This  old  auger  is  shaped  like  a  gimblet,  except  at  the  point, 
which  is  like  that  of  a  nose-bit.  An  improved  construction 
of  the  auger,  by  Phineas  Cooke,  appeared  to  possess  so  much 
merit,  that  the  Society  for  the  Encouragment  of  Arts  present- 
ed thirty  guineas  to  the  inventor.  'This  is  called  the  spiral 
auger,  for  it  consisted  of  a  rectangular  bar  of  steel,  twisted  in 
the  shape  of  a  bottle-screw,  terminating  in  a  short  taper  screw, 
with  a  double  worm  like  a  gimblet.  The  upper  part,  like  that 
of  the  common  auger,  is  formed  into  a  laree  ring,  in  which  the 
handle  isHnserted,  at  right  angles  to  the  length  of  the  auger. 
That  part  of  the  screw  adjoining  the  spiral,  presents  an  edge 
which  cuts  the  wood.  This  auger  is  not  very  commonly  used, 
but  it  pierces  the  wood  much  truer  than  the  common  one ;  no 
picking  is  necessary  before  it  can  be  wrought,  nor  does  it  re- 
quire to  be  drawn  out  to  discharge  the  chip.  It  is,  however, 
better  adapted  to  the  boring  of  soft  wood  than  hard.  Its  use 
being  on  tnis  account  more  limited  than  workmen  like,  besides 
its  being  not  cheap  in  its  first  purchase,  and  if  not  made  of 
eood  metal  and  very  carefully  tempered,  easily  changing  its 
form,  it  will  probably  not  regain  the  character  it  once  acquired. 
The  latest  construction  of  the  auger  has  been  found  to  answer 
so  well,  that  it  will  probably,  ere  long,  nearly  supersede  the 
sUse  of  the  spiral  ana  common  auger.  Like  the  spiral  one  it 
terminates  with  a  gimblet-screw,  which  draws  it  down  into 
the  wood,  while  the  workman  turns  it  round  and  presses  upon 
it ;  and  another  peculiar  advantage  of  which  is,  tnat  its  point 
can  be  set  precisely  upon  the  centre  marked  for  the  perfora- 
tion, the  proper  direction  of  which  there  is  then  a  good  chance 
of  preserving,  while  the  broad-ended  auger  is  apt  to  deviate 
GonsideKably  at  its  very  commencement.  Immeaiately  above 
6— Vol  T  Q 
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the  spiral  screw,  it  is,  for  a  short  length,  rather  of  a  prismoidal 
shape,  tafiering  a  little  upwards,  like  the  socket  chisel  below 
the  conical  part.  The  prismoidal  part  has  one  catting  edge 
which  cuts  the  sides  of  the  hole,  and  another  which  cuts  the 
bottom.  The  core  rises  as  the  act  of  boring  goes  on,  in  the 
form  of  a  spiral  shaving.  Above  the  prismoadal  part,  the  shaft 
may  be  of  any  shape  at  pleasure,  that  possesses  sufficient 
strength,  taking  the  obvious  precaution  of  making  its  diameter 
less  than  that  of  the  bore.  The  general  disadvantage  o^  au- 
gers with  gimblet  points,  is,  that  when  they  encounter  knots 
or  hard  places  in  the  wood,  they  are  apt  to  break. 

Every  one  who  makes  use  of  an  auger  in  the  usual  way  by 
hand,  knows  by  experience  that  he  never  can  so  completely 
exert  his  strength  in  this  operation,  as  when  he  bores  dowti 
perpendicularly,  with  his  body  leaning  over  his  work  ;  and  it 
is  very  evident  tliat  by  every  degree  of  the  auger's  elevation 
from  this  situation,  his  power  is  of  less  effect,  consequently 
his  labour  is  increased,  and  his  work  so  much  retarded,  that 
in  the  former  position  he  can  bore  four  holes  for  one  in 
the  latter.  In  nand  boring,  also,  the  unsteady  and  irregular 
motion  of  the  au^er,  (particularly  when  the  common  old-shaped 
one  is  used,)  at  its  first  entrance  into  the  wood,  occasions  the 
holes  to  be  bored  very  crooked,  often  larger  without  than 
within,  and  very  wide  of  the  direction  aimed  at,  especially  if 
the  wood  proves  hard  and  knotty,  and  the  holes  are  deep,  tle- 
garding  the  prevention  of  these  disadvantages  as  a  matter  of 
considerable  consequence  to  ship-builders,  and  a  variety  of 
other  artists,  the  Society  for  the  Encouragement  of  Arts,  &c 
presented  the  sum  of  fifty  pounds  to  William  Bailey,  for  bis 
invention  of  a  machine  for  boring  auger-holes,  by  the  use  oi. 
which  the  force  of  the  workman,  and  consequently  the  dispatct 
of  his  operations,  are  equally  exerted  in  all  directions.  It  is 
unavoidable  also,  in  the  usual  way  of  boring,  for  the  action  of 
the  auger  to  be  discontinued  twice  in  every  revolution ;  but 
with  the  machine  the  motion  is  continu/ed  with  equal  force  and 
velocity,  till  the  auger  has  bored  to  the  depth  required.  A 
description  of  this  machine,  illustrated  by  a  plate,  may  be  seeD 
in  Bailey's  Advancement  of  Arts ;  our  limits  will  not  allow  us  the 
further  notice  of  it  here,  but  the  fact  of  such  a  contrivance  hav^ 
(n^  been  executed,  being  mentioned,  the  ingenious  mechanic 
wHl  not  perhaps  finditveryxlifiicultto  contrive  one  for  himself. 

The  contrivance  for  boring  Udxt  entitled  to  notice,  is  the 
4tockt  which  is  in  effect  a  cra^,  not  unlike  the  hand-drill,  and 
freauently  made  of  iron,  though  generally  of  ivood,  defended 
by  brass,  at  the  parts  most  subject  to  wear.  Where  the  crank 
terminates,  iwr  short  '  *Mbr  ivrotect  from  tt,  in  m  line  with  each 
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p'tJier,  and  parallel  with  that  part  of  it  by  which  it  is  revolved. 
In  the  end  oT  one  of  the&e  limbB,  which  is  called  l\i«  pad.  tlie 
piece  of  steel  by  which  the  boring  is  performed,  is  inserted; 
tile  other  limb  is  connected  with  a  bruad  bead,  rather  convex 
externally,  which  head  is  placed  against  the  breast,  ami  is 
,  sliitionary  while  all  the  other  parts  are  revolved. 

'i'lie  piece  of  steel  inserted  in  the  stock  la  called  the  bit ;  a^ 

I  it  can  readily  be  taken  outor  put  in,  the  same  slock  serves  for 

.   bits  of  all  sizes.     They  are  diU'erently  shaped,  according  to 

their  u&e.    The  gouge-bit  ia  best  adapted  for  boring  small  holes 

in  soft  wood;  it  is  shaped  nearly  like  the  turner's  gouge,  but 

is  rathf  r  more  pointed  like  a  spoon  at  the  extremity ;  the  bnsi' 

-  If  made  in  the  inside,  and  the  sides  are  brought  to  a  cuttiq. 

edge,  like  those  of  a  gimblet.     The  centre-bit  has  a  small  c^ 

•  iliciil  point  projecting  from  the  lower  end  ;  this  point  entering 

1  tile  wood  first,  keeps  the  tooth  of  the  bit  from  wandering  out 

I  of  its  proper  course,  and  the  hole  ia  bored  straight  with  great 

I  ease.    The  taper  ehell-bit  is  used  for  widening  holes ;  it  diti'eri 

T  from  the  gouge-bit  chiefly  in  tapering  gradually  from  the  p&d 

'  to  the  lower  extremity. 

The  bit  for  widening  the  upper  part  of  a  hole,  to  admit  the 

I  head   of  a  screw,  is  called  a  countersink.    The  head  of  the 

louiitersink  is  conical,  and  the  cutting  edge  is  sin;j;le  when 

I  niLide  for  wood  alone,  and  stands  out  a  little  from  the  side  of 

the  cone.    Joiners  and  cabinet-makers,  however,  are  geuerally 

provided  with  countersinks  for  brass,  and  these,  which   have 

'  ten  or  U  dczen  teelii  on  the  surface  running  slantwite  from  tlw 

I   biise  up  the  sides  of  the  cone,  they  frequently  make  use  of  for 

'  tyood,  especially  when  it  is  hard,  and  they  are  amfious  to 

I  avoid  tearinfj  it;  for  the  teeth  of  the  brass  countersink  act  like 

)  those  of  a  file. 

The  giinbtet  is  a  boring  implement  too  well  known  lo  r«- 

I  quir«  any  explanation  of  its  construction ;  but  with  respect  to 

'  its  management,  it  may  not  be  wholly  useless  to  remind  the 

novice,  that,  like  other  boring  tools  of  a  similar  conformstion, 

it  requires  to  be  withdrawn  to  remove  the  core  as  often  as  the 

cuii  or  groove  is  filled,  and  this  will  be  sooner  or  later,  not 

only  in  proportion  to  the  depth  penetrated,  but  the  density  of 

the  wood.      Indeed,  in   boring   such  wood  as  lignuni'vitic. 

which  dogs  the  tool,  it  is  advisable  to  withdraw  the  j,'iinblet, 

I  t«  clear  away  the  core,  before  the  cup  is  full.     The  anger 

t  eives  warning  of  the  time  to  stop,  by  the  difficulty  of  turning 

f  li,  when  surcharged  with  shavings,  and  is  too  strong  a  tool  to 

I  be  in  danger  of  being  twisted  ;  but  thesitwllness  of  the^ub' 

I  Irt  renders  it  liable  to  be  iwl-ned  nnd  ivtikeu  jit-fure  the  work- 

1  ittai  ie  ilwuiv.  15  nut  olit-ii  ii.M.>u|i  witii(li'i>wii  nnd  emptiod. 
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Oimblets  which  are  broken-pointed,  or  blunted  on  the  arriB  of 
the  screw,  are  generally  thrown  aside,  it  being  tedjous,  and 
laborious  also  when  they  are  large,  to  work  witn  them  in  such 
a  state;  but  we  may  observe,  that  though  the  grindstone  can- 
not be  employed  to  sharpen  the  worm,  a  file  may,  so  that  a 
few  minutes'  labour  will  render  them  fit  for  use  again. 

The  smallest  sort  of  boring  tool  is  a  kind  of  bodkin,  called 
the  brad-awl,  or  sprig-bit,  as  it  is  chiefly  used  in  making  the 
perforation  to  admit  those  small  slender  nails,  which  have  no 
head  except  a  trifling  projection  on  one  side,  and  are  called 
brads  in  some  parts  of  the  country,  and  sprigs  in  other  parts. 
The  sprig-bit  is  generally  made  with  a  shoulder  where  the  tang 
terminates;  below  the  shoulder  it  is  cylindrical,  to  within  a 
short  distance  of  the  extremity,  which  is  flattened,  and  thereby 
made  rather  broader  than  the  diameter  of  the  cylindrical  part; 
but  so  thin  at  the  same  time  towards  the  end,  as  to  form  aa 
edge.  Unlike  other  borin?  tools,  the  sprig-bit  takes  away  no 
part  of  the  substance  of  tne  wood,  nor  is  it  turned  entirely 
round  in  making  a  hole,  but  merely  wrought  backwards  and 
forwards  about  half  round  before  the  motion  is  reversed. 

The  Hammer — Mallet — Square — Bevel — Mitre-square-^ 
Gauge — Straight-edge — Winding-sticks. 

Though  hammers,  of  various  sizes, -are  indispensable  in  the 
working  of  wood,  yet  we  may  pass  over  the  consideration  of 
them  in  this  place,  with  little  more  than  referring  to  what  has 
been  already  said  with  respect  to  them,  in  treatin<j  of  the  work- 
ing  of  metals.  The  object  of  having  the  head  of  the  hammer 
perfectly  well  secured  to  the  handle  is  certainly  well  worth 
attention,  from  the  serious  accidepts  which  mav  attend  the 
neglect  of  it;  but  to  attain  it,  we  recommend  not  the  use  of 
those  hammers  which  have  plates  of  iron  extending  from  the 
head,  forming  a  kind  of  socket  for  the  reception  of  the  handle. 
These  plates,  it  is  true,  afibrd  ample  means  of  uniting  the 
head  and  the  handle ;  but  they  render  the  latter  inflexible  at 
the  very  part  where  it  is  desirable  there  should  be  some  sprine. 
Hence  those  hammers  are  best,  in  which  the  handle  simpfy 
passes  through  a  perforation  in  the  head,  wooden  wedges  being 
driven  in  at  the  end  of  it,  after  it  has  been  tightly  fitted,  to 
make  it  fast.  If  the  aperture  in  the  head  be  rather  wider  at 
the  back  than  where  tne  handle  enters,  and  the  wedges  be 
dipped  in  glue  before  they  are  driven  in,  the  fastening  may 
be  made  complete.  To  admit  the  wedges,  the  end  of  the 
handle  is  cut  a  little  way  down  with  a  saw. 

The  mallet  is  in  efl*ect  a  hammer,  but  is  made  of  wood ;  it 
consequently  does  not  damage  substances  struck  with  it  to 
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much  as  the  hammer,  while  presenting  a  large  surface  with  an 
eoaal  weight,  it  is  more  easy  to  hit  the  ends  of  the  chisels,  8cc. 
with  it.  Mallets  are  made  of  the  soundest  and  toughest  wood 
which  can  be  found ;  either  ash  or  beech,  or  the  hardest  kind 
of 'elm,  is  usually  preferred.  They  are  mostly  made  rather 
concaye  on  that  side  which  the  handle  enters,  and  convex  on 
Ihe  other;  this  is  done  because  it  is  customary,  or  because  it 
is  supposed  to  look  best :  the  diameter  of  the  convex  end, 
measured  at  right  angles  to  the  handle,  is  greater  than  that  of 
the  concave  one,  consequently  the  ends  with  which  objects  are 
struck  are  not  parallel  with  the  handle,  but  inclined  to  it  and 
to  each  other ;  this  is  done  for  convenience,  for  the  mallet  is 

fenerally  used  in  such  a  manner  that  the  end  with  which  the 
low  is  made,  notwithstanding  its  obliquity  with  respect  to 
the  handle,  is  parallel  with  the  surface  struck. 

The  squares  used  by  joiners  and  cabinet-makers  are  fie- 
quently  manufactured  by  these  artists  for  their  own  use,  in 
which  case  they  are  made  of  wood ;  but  these  wooden  squares 
are  always  so  much  inferior  in  point  of  durability,  and  gene- 
rally in  point  of  correctness,  to  those  sold  by  the  ironmongers, 
at  very  reasonable  rates,  and  which  are  made  partly  of  wood 
and  partly  of  metal,  that  we  shall  only  notice  the  latter  kind. 
The  olade  is  a  thin  plate  of  steel,  at  a  spring  temper,  of  equal 
thickness  in  every  part,  and  the  opposite  edges,  or  at  least  the 
two  edges  in  the  direction  of  its  length,  are  (;orrectly  parallel 
with  each  other.  The  stock  or  wooden  part  is  of  considerable 
thickness,  seldom  less  than  half  an  inch  in  the  smallest 
squares,  suoh,  for  example,  as  are  only  three  or  four  inches 
lonff,  and  the  blades  of  which  are  not  above  a  twelfth  of  that 
thickness.  The  blade  is  let  into  the  stock  so  as  to  form  a 
right  angle  with  it  both  internally  and  externally.  The  mor- 
tise or  kerf  which  receives  the  blade,  is  made  at  one  end,  in 
the  middle  and  entirely  across  its  breadth ;  great  care  is  taken 
to  make  it  parallel  with  the  sides  of  the  stock,  but  it  is  not 
cut  so  deep  as  to  take  in  the  whole  breadth  of  the  blade,  the 
part  left  out  being  partly  designed  to  admit  of  the  outer  edge 
Deine  repaired,  when  worn.  The  inner  edge  of  the  stock, 
whicSi  forms  one  side  of  the  interior  square,  is  faced  with 
brass*  The^stock,  from  its  thickness,  forms,  on  each  side  of 
the  blade,  a  shoulder,  which  being  pressed  against  one  edge 
of  a  piece  of  wood,  acts  as  a  guide  or  stop  to  keep  the  blade 
(which  is  extended  over  the  adjoining  surfaqe)  at  right  angles 
to  the  arris,  while  a  line  is  drawn  along  its  outer  edge,  ihe 
interior  square  is  mostly  used  for  examining  the  squareness 
of  a  piece  of  stuff,  and  not  for  drawing  lines.  In  this  case, 
^e  sides  of  the  square  are  not  held  parallel  with,  but  perpen- 
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Jicular  to  the  piece  examined.  The  mode  of  ascertaining  the 
correctness  of  the  square,  used  in  the  working  of  metids,  has 
been  already  detailed,  and  will  probably  suggest  the  proper 
method  of  trying  the  square  now  described.  Here  we  hare 
no  occasion  for  a  ledge,  the  shoulder  is  pressed  against  the 
edge  of  a  rectangular  piece  of  stuff,  and  a  line  drawn  close  to 
the  blade ;  the  square  is  then  turned  OTer,  and  another  line 
drawn  as  in  the  former  case,  and  consequently  if  the  instni* 
ment  deviates  from  a  correct  figure,  the  error  is  detected  upon  . 
the  same  principle  as  before. 

The  bevel  consists  of  a  blade  and  stock  similar  to  those  of 
the  sauare,  from  which  it  differs  only  in  one  particular,  viz.  thet 
the  blade  is  moveable,  and  can  therefore  be  set  at  any  an^ 
which  may  be  reauired.  The  joint  should  be  stiff,  otherwiae 
the  bevel  cannot  oe  depended  on  for  remaining  as  it  has  beem' 
set.  Though  rarely  practised  among  the  workers  in  wood,  it. 
certainly  would  be  eusy  in  all  cases  to  adapt  a  screw  to  the 
bevel,  so  as  to  hold  the  blade  firmly  at  any  angle  desired. 
The  stone-masons  generally  take  this  precaution. 

The  mitre-square  is  a  bevel,  the  blade  of  which  is  immove* 
ably  fixed  in  the  stock,  and  is  commonly  set  for  marking  an 
angle  of  forty-five  degrees,  this  angle  being  more  freqaentlj 
required  in  joinery  than  any  other  angl^  except  the  right  angle. 
Pieces  of  stuff  bevelled  at  their  extremities,  and  joined  by 
placing  two  of  the  bevelled  surfaces  together,  are  said  to  ra 
mitred.  Mitring  is  often  used  in  plane  work  ;  but  when  the 
pieces  to  be  joined  at  an  angle,  are  moulded,  and  the  continum 
tion  of  the  mouldings  is  not  to  be  broken,  it  is  absolutely  ne* 
cessary .  Hence  its  frequent  use ;  instances  of  it  occur  at  the 
comers  of  rooms,  where  the  skirting  boards  of  two  different 
sides  meet,  in  the  surbase  under  the  same  circumstances,  at 
the  angles  of  picture-frames,  8cc. 

The  gauge  is  an  instrument  consistitrg  of  a  stem,  usually  in 
the  form  of  a  square  prism,  with  a  small  steel  point,  nearly  at 
the  end  of  one  of  the  surfaces  in  the  direction  of  its  length, 
and  just  projecting  enough  to  mark  distinctly. when  pressed 
upon  wood ;  the  stem  passes  at  right  angles  through  a  mortise 
in  the  middle  of  a  piece  of  wood  called  the  head,  to  which  it 
is  about  equal  in  point  of  thickness ;  but  those  surfaces  of 
the  head  through  which  the  mortise  passes,  should  not  be 
less  than  three  times  the  diameter  of  the  stem.  The  head 
can  be  set  at  any  distance  required  from  the  steel  point,  and 
there  secured  by  a  small  wedge,  passing  through  a  mortise 
in  one  of  its  sides,  and  bearing  upon  the  stem.  The  use  of  the 
gauge  is  to  draw  lines  parallel  to  the  arris  of  a  piece  of  stuff, 
to  serve  as  a  guide  for  the  saw,  the  plane,  or  the'chisel.     In 
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dtawin^  the  line,  it  is  necessary  to  keep  that  side  of  the  bead 
which  18  next  the  steel  point  rather  firmly  pressed  against  the 
edge  of  the  stuff,  otherwise  the  point  will  be  apt  to  deviate 
fkrom  its  proper  course,  if  it  meet  with  knots  or  irregularitiea 
in  the  grain. 

A  gauge  made  with  two  points  projecting  on  the  same  side, 
and  one  of  which  (being  moveable  in  a  groove  or  mortise)  can 
be  placed  at  any  distance  from  the  other,  is  called  a  mortut'*^ 
gttwe :  it  is  used  alike  in  muging  mortises  and  tenons. 

Tnough  the  steel  straight-edge  is  hardly  known  even  by 
name  to  a' great  majority  of  the  artists  who  work  in  metal,  yet 
the  wooden  Mtraight-edge  is  familiar  enough  to  most  who  work 
in  wood.  Wooden  straight-edges  should  be  made  of  stuff 
exceedingly  well  seasoned ;  it  is  usual  to  make  two  at  the 
same  time ;  the  sides  are  first  made  true,  and  each  piece  of 
equal  thickness ;  they  are  then  placed  against  each  other,  and 
fiastened  in  the  cheeks  of  the  bench-screw,  in  which  situa- 
tion their  upper  edges  are  planed  true  with  the  assistance  of 
a  straight-edge  which  can  be  depended  on,  or  as  nearly  true 
as  can  be  determined  by  the  eye,  if  we  cannot  I'eadily  obtain 
a  straight-edge  for  the  trial.  When  the  pieces  are  supposed 
to  be  true,  they  are  taken  out  of  their  situation,  and  the  edees 
last  planed  are  placed  upon  each  other.  If  the  surfaces  com* 
cide  so  exactly  tha^  no  light  can  pass  between  them,  the 
straight-edges  are  finished ;  but  if  any  error  be  detected,  the 
planing  with  the  jointer  must  be  renewed  in  the  same  manner 
as  before,  and  the  examination  repeated  till  the  result  is  satia^ 
factory.  The  use  of  the  straight-edge,  in  ascertaining  the 
straightness  of  other  surfaces,  is  not  inconsiderable. 

Wuiding^ticks  are  always  used  in  pairs,  and  the  use  of  them 
constitutes  another  contrivance  for  determining  the  levelness 
of  any  given  surface,  that  the  workman  may  reduce  it  more  or 
less  in  any  particular  part,  in  order  to  make  it  true.  Straight- 
edges are  customarily  finished  only  on  one  edge;  but  if  both 
edges  were  finished,  and  they  were  made  correctly  rectangu- 
lar^ that  is,  of  eoual  breadth  through  their  whole  length,  they 
would  answer  the  end  of  winding-sticks,  which  are  used  in 
the  following  manner :  one  of  them  is  placed  at  each  end  of 
the  surface  to  be  examined,  the  eye  is  then  directed  from  the 
uppermost  edge  of  the  nearer  one  to  that  perpendicular  side 
of  the  further  one,  which  is  next  the  observer.  If  the  eye  be 
elevated  or  depressed,  till  one  end  of  the  nearer  winding-stick 
intercepts  the  view  of  the  opposite  perpendicular  side  of  the 
ether .  and  the  other  two  ends  are  ooserved  to  have  the  same 
lelative  situation,  the  ends  of  the  surface  examined  are  idready 
in  the  same  plane.    But  if  the  nearer  winding-stick  will  not 
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intercept  an  equal  portion  at  each  end  of  the  further  one, 
the  part  found  to  be  too  high  must  be  reduced  till  this  is  the 
case.  It  is  always  proper  to  examine  the  surface  by  placii^ 
the  winding-sticks  in  various  situations,  but  especially  acroM 
near  the  corners,  so  that  the  eye  may  look  at  them  diago 
nally. 

VraW'bore  pins  are  used  in  forcing  a  tenoned  piece  into  its 
proper  place  in  the  mortise.  They  are  made  with  tann^s  and 
shoulders,  and  fitted  into  handles  like  chisels.  Below  the 
shoulder  they  are  round,  and  taper  slightly  to  within  a  short 
distance  of  the  point,  where  they  are  turned  off  to  cones,  like 
the  extremities  of  an  axis  running  in  hollow  centres.  To  use 
them,  bore  a  hole  through  the  mortise*cheeks,  at  the  place 
where  the  pin  intended  to  fasten  the  mortised  and  tenoned 
piece  together  will  be  required,  and  which  is  generally  made 
nearer  the  shoulders  than  the  end  of  the  Itenon.  Jnsert  the 
tenon,  and  when  it  is  as  nearly  in  its  proper  place  as  it  can  be 
driven,  mark  it  on  both  sides  through  the  hole  in  the  morti^^e- 
cheeks.  Take  out  the  tenon,  and  bore  it  through,  a  little 
nearer  its  shoulders  than  the  centre  of  these  marks ;  insert  it 
again  in  the  mortise,  and  use  the  draw-bore  pins  by  entering 
them  at  the  holes,  to  draw  its  shoulders  against  the  abutments. 
The  use  of  the  draw-bore  pins,  also,  condenses  or  hardens 
Mie  wood  on  the  sides  of  the  holes,  and  when  the  wooden  peg 
is  driven  in,  it  has,  on  this  account,  a  better  hold.  This  is,  in* 
deed,  their  principal  use  at  present,  as  the  cramping-frame, 
which  acts  by  means  of  a  screw,  is  much  more  powerful  in 
forcing  the  shoulders  of  tenons  against  their  abutments  ;  but 
the  draw-bore  pins,  or  some  substitute  for  them,  will  obviously 
be  convenient  to  those  who  may  occasionally  require  mear^ 
to  force  tenons  to  their  bearings,  without  possessing  a  com 
plete  apparatus. 

Of  Glue. 

To  prepare  glue,  it  must  be  steeped  for  a  number  of  hoursi 
over  night,  for  instance,  in  cold  water,  by  which  means  it  will 
become  very  considerably  swelled  and  softened.  It  must  then 
be  gently  boiled,  till  it  is  entirely  dissolved,  and  of  a  consistence 
not  too  thick  to  be  easily  brushed  over  wood.  About  a  quart  of 
water  may  be  used  to  half  a  pound  of  glue.  The  heat  employed 
in  melting  glue  should  not  be  more  than  is  required  to  make 
water  boil ;  and  to  avoid  burning  it,  the  joiners,  &c.  as  is  well 
known,  suspend  the  vessel  containing  it  in  another  vessel  con- 
taining only  water,  which  latter  vessel  is  generally  made  of 
copper,  in  the  form  of  a  common  tea-kettle  without  a  spout 
and  alone  receives  the  direct  influence  of  the  fire. 
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two  pieces  of  wood,  are  t 
lowing:  that  the  glue  should  be  thoroughly  dissolved,  and  used 
boiling  hotat  the  first  or  second  melting;  that  fhe  wood  should 
be  warm  and  perfectly  dry;  thata  very  thin  covering  of  glue  be  , 
interposed  at  the  juncture,  and  that  the  surfaces  to  be  unitedi  j 
be  strongly  pressed  together,  and  left  in  that  state,  in  a  warm  I 
but  not  hot  situation,  till  the  glue  is  completely  hard.    In  ve- 
neering, and  for  all  very  delicate  work,  the  whole  of  these  re- 
quisites, as  they  not  only  ensure  the  strongest  joint,  but  tb(  ] 
eluG  sets  the  soonest,  should  be  combined  in  the  operation}  1 
But  on  some  occasions  this  is  impossible,  and  therefore  th^  J 
most  essential  must  be  regarded,  such  as  the  hotness  of  thr  J 
glue,  and  the  dryness  of  the  wood.    When  the  faces  of  joints^  T 

Earticularly  those  that  cannot  be  much  compressed,  have  beeilT  J 
esmeared  with  glue,  which  should  always  be  done  with  thtf  ] 
greatest  expedition,  they  should  be  rubbed  lengthwise  one 
upon  another  two  or  three  times,  to  settle  them  close. 

When  glue,  by  repeatedly  melting  it,  has  become  of  a  dai 
and  almost  black  colour,  its  qualities  are  impaired ;  when  newl^ 
melted,  it  is  of  a  light  ruddy  brown  colour,  nearly  like  that  0* 
the  dry  cake  held  up  to  the  light;  and  while  this  colour  reuiaini 
it  may  be  considered  fit  for  almost  every  purpose. 

Though  glue  which  has  been  newly  melted  is  the  most  sui^  1 
able  for  use,  other  circumstances  being  the  same,  yet  tha^  J 
which  has  been  the  longest  manufactured  Is  the  best.  Totrj]" 
the  goodness  of  glue,  steep  a  piece  three  or  four  days  in  cold 
water;  ifitsw^ll  considerably  without  melting,  and  when  takeW  I 
out  resumes,  in  a  short  time,  its  former  dryness,  it  is  exceK^  I 
lent.  If  it  be  soluble  in  cold  water,  it  is  a  proof  that  it  v 
strength. 

A  glue  which  does  not  dissolve  in  water,  may  be  obtained  k 
melting  common  glue  with  the  smallest  possible  quantity  o 
water,  and  adding  by  degrees  linseed  oil  rendered  drying  b 
boiling  it  with  litharge ;  while  the  oil  is  added,  the  ingredie~ 
must  be  well  stirred  to  incorporate  them  thoroughly. 

A  glue  which  will  resist  water,  in  a  considerable  degree,  iw  \ 

ide  by  dissolving  common  glue  in  skimmed  milk. 

finely  levigated  chalk  added  to  the  common  solution  ot'J 
;e  in  water,  constitutes  an  addition  which  strengthens  i  _ 
Hnd  renders  it  suitable  for  sign-boards,  or  other  things  whiclfl 
must  stand  the  weather. 

A  ^;lue  that  will  hold  against  fire  or  water,  may  be  prepa 
by  mixing  a  handful  of  quick  lime  with  four  ounces  of  linsi 
oil:  thoroughly  levigate  tne  mixture,  boil  it  to  a  good  thickni 
^d  then  spread  it  on  tin  platos  in  the  shade ;  it  will  becom 
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exceedingly  hard,  but  may  be  dissolved  over  a  fire,  as  (Hrdinaiy 
glue,  and  is  then  fit  for  use. 

Several  glues,  such  as  that  of  isinglass,  which,  for  a  variety 
of  reasons,  are*  not  used  in  the  common  course  of  business 
among  joiners  and  cabinet-makers,  we  shall  speak  of  particu* 
larly  under  the  .head  Cements. 

Of  the  Mortise  and  Tenon. 

The  proportion  which  mortises  and  tenons  ought  to  bear  to 
the  wood,  under  different  circumstances,  has  never  been  demon- 
strated by  experiments  made  for  that  purpose.  It  is  common 
practice,  therefore,  alone,  which  dictates  the  rules  to  be  ob- 
served. In  general  the  tenon  is  one-third  of  the  thickness  of 
the  stuiF;  but  when  tl^e  mortise  and  tenon  are  intended  to  lie 
horizontally,  and  the  juncture  will  be  unsupported,  the  tenon 
should  not  be  more  than  one-fifth  of  the  thickness  of  the  stuff, 
otherwise  a  strain  or  weight  on  the  upper  surface  of  the  tenon- 
ed piece  would  probably  split  ofi*  the  under  cheek  of  the  moi^ 
tise,  while  the  tenon  itself  remained  sound. 

In  joining  two  pieces  of  timber,  so  that  the  tenoned  piece 
shall  not  pass  the  end  of  the  mortised  piece,  to  prevent  the 
necessity  of  cutting  open  the  side  of  the  mortise,  the  tenon 
must  be  reduced  one-third  or  at  least  one-fourth  of  its  breadth* 
In  either  case,  the  mortise  will  still  be  so  near  the  end  of  the 
piece  in  which  it  is  made,  as  to  be  split  by  a  small  force  in 
driving  in  the  tenon.  To  prevent  this  accident,  it  is  customary^ 
on  sucn  occasions  as  admit  of  the  precaution  being  taken,  to 
make  the  end  beyond  the  mortise  considerably  longer  than  it 
is  intended  to  remain;  the  tenon  may  then  be  driven  tightly 
in,  and  the  superfluous  wood  afterwards  cut  off. 

The  above  proportions  for  the  mortise  and  tenon,  refer  to  the 
joining  of  timber,  like  dimensions  of  which  are  of  the  same 
strength,  and  therefore  it  will  be  necessary  to  vary  them,  ac- 
cording as  one  piece  is  weaker  or  stronger  than  the  other. 

In  making  deep  mortises,  especially  in  hard  wood,  it  is  ens 
toniary  to  shorten  the  labour,  oy  commencing  it  with  boring 
a  number  of  auger  holes,  the  compartments  between  which 
are  speedily  cut  away  with  the  chisel. 

In  neat  work,  before  a  saw  is  employed  to  cut  the  shoulder 
of  a  tenon,  nick  the  place  with  a  paring  chisel ;  the  saw  will 
not  then  tear  the  wood,  and  the  line  of  its  entrance  may  be 
correctly  determined. 

When  the  mortise  is  to  pass  entirely  through  a  piece  of  stuff* 
the  space  allotted  for  it  is  gauged  on  both  sides  with  the  greats 
est  precision,  and  when  it  has  been  half  cut  from  one  side,  the 
remaining  half  is  cut  from  the  opposite  one.    By  this  meane« 
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if  there  be  any  error  in  the  direction  of  the  chisel,  it  is  of  little 
consequ'^nce,  the  irregularity  being  confined  to  the  middle  of 
the  mortise.  The  sides  of  the  mortiae  should,  however,  be 
made  as  eren  as  possible,  that  they  may  every-where  come  in 
contact  with  the  sides  of  the  tenon. 

The  sides  ofa  mortise  that  passes  through  the  stuf}',  should  be 
inclined  to  each  other  a  little  towards  the  shoulders  of  the  te- 
non, because  the  latter,  alVer  it  is  driven  in,  is  expanded  by 
wedges. 


We  cannot  close  these  details  of  the  primary  operations  by 
which  metals  and  timber  are  fitted  for  mechanical  purptaes, 
without  offering  a  few  sentiments  to  the  consideration  of  'lie 
young  artist  interested  in  them,  whether  he  is  one  who  ]>; 
anxious  to  excel  in  a  particular  branch  of  art,  as  affording  the 
means  of  honourable  livelihood ;  or  claims  merely  the  appella- 
tion of  an  amateur,  who  studies  mechanical  operations  from  the 
love  of  knowledge,  the  desire  of  amusement,  or  the  hope  of 
celebrity  in  makmg  discoveries  or  improvements.  Let  hTm 
not  be  discouraged  by  the  failure  of  first  attempts.  Instead 
of  losing  his  time  in  uselessly  regretting  his  disappointment, 
let  him  examine  into  the  cause  of  it,  and  promptly  repeat  his 
experiments  with  more  precaution.  It  is  a  mistaken  idea,  that 
manual  dexterity  is  absolutely  dependent  upon  length  of  prac- 
tice ;  uncommon  are  the  cases  in  which  it  fails  to  oe  the  early 
reward  of  those  who  unite  perseverance — patient  and  prompt, 
with  an  attention  ever  alive  to  avail  themselves  of  every  new 
light  which  the  liberality  of  others,  or  the  course  of  their  own 
experience,  supplies.  But  those  who  postpone  ardent  exertion, 
by  satisfying  themselves  with  the  hope,  that  length  of  pnic- 
tice  will  perfect  them,  will  in  the  end  regret  their  delusion. 
and  may  ineffectually  try  to  recover  their  loss,  when  habitual 
languor,  and  other  injurious  habits,  have  rendered  the  mind 
averse  to  observe,  ana  the  hand  unable  to  perform. 

Much  might  be  said  on  this  subject,  but  we  forbear  a  length- 
ened disquisition;  yet  we  cannot  omit  observing,  that  those 
who  take  vi  early  delight,  and  attain  an  early  proficiency  in 
mechanical  arts,  are  preparing  an  excellent  groundwork  for 
investigations  of  a  higher  order.  They  are  acquiring,  in  the 
disguise  of  amusement,  that  dexterity  of  hand,  and  facility  of 
contrivance,  that  readiness  in  supplying  their  casual  wants 
and  habit  of  methodical  arrangement,  which  will  afterwards 
qualify  them  to  explore  the  paths  of  knowledge  through  the 
medium  of  philosophical  experiment;  and  in  proportion  as 


124  MECHANICAL  EXERCISES. 

CoBoludiBg  refleotiottf. 

these  interest  their  attention,  they  will  be  disposed  to  stady 
in  earnest  the  fundamental  principles  of  science. 

It  may  be  well  for  the  young  artists  we  are  addressing,  to 
be  apprized,  that  to  make  any  useful  proficiency  in  mechanical 
pursuits,  to  be  distinguished  for  skill  and  promptitude  of  exe- 
cution, requires  a  degree  of  patient  assiauity,  of  which  .few 
who  have  been  brought  up  at  the  desk  or  behind  the  counter, 
can  form  any  adequate  idea;  and  who,  therefore,  would  be 
uneasy  and  unhappy,  under  a  degree  of  exertion  which  they 
must  learn  to  display  without  entertainmg  a  sentiment  of  its 
hardship.  Let  them  not,  however,  be  disheartened  at  the  pros- 
pect; the  habits  indispensable  to  their  full  success,  if  acquired, 
allowed  their  due  innuence,  and  guided  by  moral  prudence, 
are  of  inestimable  value :  they  are  extending  the  means  of 
multiplying  therr  comforts ;  they  are  increasing  the  power  of 
the  head  to  contrive  as  well  as  of  the  hand  to  execute,  and 
the  steadiness  of  attention  superinduced,  will  be  beneficial  to 
them  in  every  action  of  their  lives. 

All  know,  but  few  act  as  if  they  believed,  that,  accident  out 
of  the  question,  success  in  the  general  issue  of  our  exertions^ 
is  made  up  of  success  in  little  matters,  or  individual  operations 
Let  us  then  be  allowed  to  impress  this  truism  upon  the  reader's 
mind,  and  to  elucidate  it  by  stating,  that  if  two  workmen  have 
each  fifteen  thousand  motions  to  make  in  ten.  hours,  he  who 
shall  perform  each  motion  half  a  second  more  quickly  than  the 
other,  will  terminate  his  labour  two  hours  sooner!  Two  hours 
of  spare  time  may  be  employed  to  great  advantage ;  yet  what 
is  half  a  second  considered  by  itself?  and  by  how  many  may 
this  economy  of  time  be  practised,  without  a  perceptible  aa- 
dition  of  fatigue?  The  quantity  of  labour  is  no  criterion  of 
the  fatigue  it  will  occasion,  even  to  those  who  are  alike  in  cor- 
poral power.  The  sentiments  by  which  we  are  actuated  in  the 
performance  of  a  task,  have  a  paramount  influence;  languor  of 
mind  prematurely  exhausts  the  body,  and  the  weariness  expe- 
rienced is  often^disproportioned  to  the  animal  strength  pos- 
sessed. But  our  sentiments  are  much  under  our  control,  and 
it  surely  should  be  our  study  to  cherish  those,  which  by  inspir- 
ing alacrity  of  exertion,  are  essentially  conducive  to  our  in- 
terest. To  the  labourer,  there  is  the  prospect  of  i^mmandiiig 
respect,  and  of  bettering  his  condition ;  to  the  amateur,  be^ 
sides  the  common,  daity  advantages  of  knowledge,  and  the 
indeprivable  gratification  which  the  acquirement  of  it  afibrda, 
there  is  the  animating  hope,  that  if  discoveries  crown  his  ezr 
ertions,  he  may  be  consicfered  a  benefactorto  mankind. 
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Thb  science  of  Architecture  may  be  considered,  in  its  most 
extenc(ed  application,  to  comprehend  building  of  every  kind ; 
but  at  present  we  must  consider  k  in  one  much  more  restricted, 
according  to  which.  Architecture  may  be  said  to  treat  of  the 
planning  and  erection  of  edifices,  which  are  composed  and 
embellished  after  certain  long  established  rules,  according  to 
two  principal  modes, 

1st,  the  JBnglish  or  Gothic,  * 

2nd,  the  Antique,  or  Grecian  and  Roman. 

We  shall  treat  of  these  modes  in  distinct  dissertatic 
because  their  principles  are  completely  distinct,  and  indeed 
mostly  form  direct  contrasts  But  before  we  proceed  to  treat 
of  them,  it  will  be  proper  to  make  a  few  remarks  on  the  dis- 
tinction between  mere  house-building,  and  that  higher  charac- 
ter of  composition  in  the  Grecian  and  Roman  orders,  which  is 
properly  styled  Architecture ;  for  though  we  have  now  very 
many  noble  architectural  houses,  we  are  much  in  danger  of 
having  our  public  edifices  debased,  by  a  consideration  of  what 
is  convenient  as  a  house,  rather  than  what  is  correct  as  an 
architectural  design. 

In  order  properly  to  examine  this  subject,  we  must  consider 
a  little,  what  are  the  buildings  regarded  as  our  models  for  work- 
ing the  orders,  and  in  what  climate,  for  what  purposes,  and 
under  what  circumstances,  they  ^'ere  erected.  This  may,  per 
haps,  lead  to  some  conclusions,  which  may  serve  to  distinguish 
that  description  of  work,  which,  however  rich  or  costly,  is 
still  mere  house-building,  in  point  of  its  composition. 

It  is  acknowledged,  on  all  hands,  that  our  best  models,  in 
the  three  ancient  unmixed  €rders, — the  Doric,  Ionic,  and  Co- 
rinthian, are  the  remains  of  Grecian  temples.  Most  of  them 
were  erected  in  a  climate,  in  which  a  covering  from  rain  was 
by  no  means  essential,  and  we  shall  find  this  circumstance  very 
influential ;  for  as  the  open  space  within  the  walls  was  always 

f martially,  and  often  wholly  open,  apertures  in  those  walls  for 
ight,  were  unnecessary ;  and  we  find,  also,  in  Grecian  struc- 
tures, very  few,  sometimes  only  one  door.  The  purpose  for 
which  these  buildingswere  erected,  was  the  occasional  recep- 
tion of  a  large  body  of  people,  and  not  the  settled  residence  of 
any.  But,  perhaps,  the  circumstances  under  which  they  ^v^^r 
erected,  have  hadf  more  influence  on  the  rules  which  hivve  hern 
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handed  down  to  us,  as  necessary  to  be  observed  in  composing 
architectural  designs,  than  either  the  climate  or  their  use.  It 
is  now  pretty  generally  agreed,  that  the  Greeks,  if  they  were 
acquainted  with  the  mathematical  properties  of  the  arch,  did 
not  use  it  till  it  was  introduced  by  the  Romans.  Here  then 
we  see  at  once  a  limitation  of  the*  intercolumniation,  which 
roust  be  restrained  by  the  necessity  of  finding  stones  of  suffl- 
cient  length  to  form  the  architrave.  Hence  the  smaller  com- 
parative intercolumniations  of  the  Grecian  buildings,  and  the 
constant  use  of  columns ;  and  hence  the  propriety  of  avoiding 
arches,  in  compositions  of  the  purer  Grecian  orders. 

The  Romans  introduced  the  arch  very  extensively,  into 
buildings  of  almost  every  description,  and  made  several  altera** 
tions  in  the  mode  of  working  the  orders  they  found  in  Greece, 
to  which  they  added  one  order,  by  mixing  the  Corinthian  and 
Ionic,  and  another  by  stripping  the  Doric  of  its  omameots. 
Their  climate,  also,  was  so  far  different  as  to  require  more 
general  roofing,  but 'still,  from  the  greater  necessity  of  provid-> 
ing  a  screen  from  the  heat  of  the  sun,  than  apertures  to  admit 
the  light,  it  does  not  appear  that  large  windows  were  in  general 
use,  and  hence  an  important  difference  in  modern  wofk.  Al- 
though, by  roofs  and  arches,  much  more  approximated  to  mo- 
dern necessities  than  the  Grecian  models,  still  those  of  Rome 
which  can  be  regarded  as  models  of  composition,  are  temples, 
or  rather  public  edifices,  and  not  domestic  buildings,  wnicb« 
whenever  they  have  been  found,  appear  variously  unadaptad 
to  modern  wants,  and  therefore  unfit  for  imitation. 

In  a  few  words  we  may  sum  up  the  erand  distinctions  be* 
tween  mere  building  and  architectural  design : — the  former 
looks  for  convenience,  and  though  it  will  doubtless  often  use 
architectural  ornaments,  and  preserve  their  proportions,  when 
used  as  smaller  part^,  yet  the  general  proportion  may  vary  verjf 
widely  from  the  orders,  and  yet  be  pleasing,  and  perhapjs  not 
incorrect; — but  all  this  is  modern  building,  and  not  arcnitec- 
ture  in  its  restricted  sense ;  in  this  the  columns  are  essential 
parts,  and  to  them  and  their  proportions  all  must  be  made  sub- 
servient ;  and  here  we  may  seek,  with  care  and  minuteness, 
amongst  the  many  remains  yet  left  in  various  parts,  (and  of 
which  the  best  are  familiar  to  most,  from  the  valuable  delinea- 
tions we  possess  of  those  who  have  accurately  examined  them,) 
for  models,  and  in  selecting  and  adopting  these,  the  taste  and 
abilities  of  the  architect  has  ample  space. 

As  an  introduction  to  the  dissertations,  it  may  not  be  amiss 
to  take  a  hasty  sketch  of  the  progress  of  Architecture  in  Eng- 
land. 

Of  the  British  architecture,  before  the  arrival  of  the 
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mans  in  the  island,  we  have  no  dear  account;  but  it  is  not 
likely  it  differed  much  from  the  ordinary  modes  of  uncivilized 
nations ;  the  hut  of  wood  with  a  variety  of  coverings,  and  some- 
times the  cavities  of  the  rock,  were  doubtless  Uie  domestic 
habitations  of  the  aborignal  Britons;  and  dieir  stupendous 
public  edifices,  such  as  Stonehenge  and  others,  still  remain  to 
us.  The  arrival  of  the  Romans  was  a  new  era ;  they  introdu- 
ced, at  least  in  some  degree,  their  own  architecture,  of  which  a 
variety  of  specimens  have  been  found;  some  few  still  remain, 
of  which,  perhaps,  the  ^te  at  Lincoln  is  the  only  one  retain- 
ing its  original  use.  Although  some  fine  specimens  of  work- 
manship have  been  dug  up  in  parts,  yet  by  far  the  greatest  part 
of  the  Roman  work  was  rude,  and  by  no  means  comparable 
with  the  antiquities  of  Greece  and  Italy,  though  executed  by 
the.  Romans.  When  they  left  the  island,  it  was  most  likely 
that  the  execution  of  the  Britons  was  still  more  rude,  and  en- 
deavouring to  imitate,  but  not  working  on  principle  the  Roman 
work,  their  architecture  became  debased  into  the  Saxon  and 
early  Norman,  intermixed  with  ornaments  perhaps  brought  in 
by  the  Danes.  After  the  conquest,  the  rich  Norman  barons, 
erecting  very  magnificent  castles  and  churches,  the  execution 
manifestly  improved,  though  still  with  much  similarity  to  the 
Roman  mode  debased;  but  the  introduction  of  shafts,  instead 
of  the  massive  pier,  first  began  to  approach  that  lighter  mode 
of  building,  which,  by  the  introduction  of  the  pointed  arch,  and 
by  an  increased  delicacy  of  execution,  and  boldness  of  compo- 
sition, ripened,  at  the  close  of  the  twelfth  century,  into  the 
simple,  yet  beautiful  early  English  style.  At  the  close  of  an- 
other century,  this  style,  from  the  alteration  of  its  windows,  by 
throwing  them  into  large  ones, divided  by  mullions, introducing 
tracery  in  the  heads  oi  windows,  and  the  general  use  of  flow- 
ered ornaments,  together  with  an  important  alteration  in  the 
piers,  became  the  decorated  English  style,  which  may  be  con- 
sidered as  the  perfection  of  the  English  mode.  This  was  very 
difficult  to  execute,  from  its  requiring  flowing  lines  where 
straight  ones  were  easier  combined ;  and  at  the  close  of  the 
fourteenth  century,  we  find  these  -flowing  lines  giving  way  to 
perpendicular  and  horizontal  ones,  the  use  of  which  continued 
to  increase,  till  the  arches  were  almost  lost  in  a  continued  series 
of  pannels,  which,  at  length,  in  one  building,  the  chapel  of 
Henry  the  VII.  covered  coniplet«ly  both  the  outside  and  inside, 
and  the  eye,  fatigued  by  the  constant  repetition  of  small  parts, 
sought  in  vain  for  the  bold  gra^ideur  of  design  which  had  been 
so  nobly  conspicuous  in  the  precedintr  Rtyle.  The  Reformation, 
occasioning  the  destruction  of  many  of  the  buildings  the  most 
celebrated,  and  mutilating  otln^rs,  or  abstracting  the  funds 
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necessary  for  their  repair,  seems  to  have  put  an  end  to  the 
working  of  the  English  styles  on  principle.  The  square  pan- 
nelled  mulHoned  windows,  and  wooden  pannelled  roofs  and 
halls,  of  the  great  houses  of  the  time  of  queen  Elizabeth,  seem 
rather  a  debased  English  than  any  thin^  else ;  but  during  the 
reign  of  her  successor,  the  Italian  architecture  began  to  be 
introduced,  first  only  in  columns  of  doors,  and  other  small 
[rarls,  and  afterwards  in  larger  portions,  though  still  the  general 
style  was  this  debased  English.  Of  this  introduction,  the  most 
memorable  was  the  celebrated  portico  of  the  schools  at  Oxford, 
where,  into  a  building  adorned  with  pinnacles,  and  having 
mullioned  windows,  the  architect  has  crowded  all  the  five  or- 
ders over  each  other.  Some  of  the  works  of  Inige  Jones  are 
little  removed  beyond  this  barbarism.  Longleat,  in  Wiltshire, 
is  a  little  more  advanced,  and  thebanqueting-house,  Whitehu^', 
seems  to  mark  the  complete  introduction  of  Roman  workman- 
ship. The  close  of  the  seventeenth  century  produced  Sir 
Christopher  Wren,  a  man  whose  powers,  confessedly  great, 
lead  us  to  regret  he  had  not  studied  the  architecture  of  his 
English  ancestors,  with  the  success  which  he  did  those  of 
Rome;  for  while  he  has  raised  the  most  magnificent  modem 
building  we  possess,  he  seems  to  have  been  pleased  to  dis- 
figure the  English  edifice  he  had  to  complete.  While  bis 
works  at  St.  Mary,  Aldermary,  Bow-lane,  and  St.  Dunstan  in 
the  East,  prove  how  well  he  could  execute  imitated  English 
buildings,  when  he  chose,  though  even  in  them  he  has  variously 
departed  from  the  true  English  principles.  By  the  end  of  the 
seventeenth  century,  the  Roman  architecture  seems  well  esta- 
blished, and  the  works  of  Vitruvius  and  Palladio  successfully 
studied ;  but  Sir  John  Vaubrugh  and  Nicholas  Hawksmoor 
seem  to  have  endeavoured  to  introduce  a  massiveness  of  style 
which  happily  is  peculiar  to  themselves.  The  works  of  Pal- 
ladio, as  illustrated  by  some  carpenters,  seem  to  have  been  the 
model  for  working  the  orders  during  the  greatest  part  of  the 
eighteenth  century,  but  in  the  early  and  middle  part  of  it,  a 
style  of  ornament  borrowed  from  the  French  was  much  intodu- 
ced  in  interiors,  the  principal  distinctions  of  which  were  the 
absence  of  all  straight  lines,  and  almost  of  any  regular  lines. 

The  examples  of  this  are  now  nearly  extinct,  and  seem  to 
have  been  driven  out  by  the  natural  operation  of  the  advance 
of  good  workmanship  in  the  lower  class  of  building.  All  or- 
namental carvings  were  difficultly  executed  in  wood,  and  were 
very  expensive;  but  towards  the  latter  end  of  the  eighteenth 
century,  the  Adams's  introduced  a  style  of  ornament  directly 
I  onti  nry  to  the  heavy  carving  of  their  predecessors.  This  was 
ii>  lit^t,  Hs  to.be  easily  worked  m  plaster  and  other  compositiona 
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and  ornament  being^  sold  Teiy,cheap»  was  profusely  used  in  car- 
penter's work.  This  flatness  was  more  or  less  visible  in  many 
considerable  buildines;  but  neAr  the  close  of  the  century^  the 
magpiificent  works  of  Stuart  and  Reret^  and  the  Ionian  anti- 
quities of  the  Dilletante  Society,  began  to  excite  the  public 
attentioq^and  in  a  fisw  years  a  graat  alteration  was  visible;  tiie 
massive  Doric,  and  the  beautiful  plain  Grecian  Ionic,  began 
to  be  worked,  and  our  ordinary  door-cases^  8tc.  soon  began  to 
take  a  better  character*  The  use  of  the  simple,  yet  bold  mould- 
ings and  omami^nts  of  the  Grecian  models,  is  gradually  spread- 
ing, and  perhaps  we  may  hope,  from  the  present  general  inves- 
tigation of  the  principles  or  science,  that  this  will  continue 
without  danger  of  future  debasement,  and  that  a  day.  may  come 
wlien  we  shall  ihave  Grecian,  •  Roman,  and  English  edifices, 
erected  on  the  principles  of  each. 

A^  the  earliest  in  po'  '  of  execution  in  England,  we  shall 
begin  with  the  dissertaiiv^A^  on 

ENGLISH  ARCHITECTURE. 

In  a  work  like  the  present,  there  will  be  little  propriety  in 
leQgthened  disquisitions  on  the  ori^n  of  this  moae  of  build- 
ing ;  but  much  service  may  be  rendered  to  individuals,  by  a 
clear  detail  of  those  distinctions,  which,  being  once  laid  down 
with  precision,  will  enable  persons  of  common  observation,  to 
distinguish  the  difference  of  age  and  style  in  these  buildings, 
as  easily  as  the  distinctions  of  the  Grecian  and  Roman 
orders. 

During  the  eighteenth  century,  various  attempts,  unaer  the 
name  of  Gothic,  have  arisen  in  repairs  and  rebuilding  of  eccle- 
siastical edifices;  but  these  have  oeen  little  more  than  making 
clustered  columns  and  pointed  windows,  every  real  principle 
of  English  architecture  oeing,  by  the  builders,  either  unknown 
or  totally  neglected. 

English  architecture,  then,  which  has  been  too  long  called 
Gothic,  may  be  divided  into  four  distinct  periods,  or  styles, 
which  may  be  named, 

1st,  the  Norman  style, 
'     2nd,  the  Early  English  style, 

3rd,  the  Decorated  English  strjrle,  and 

4th,  the  Perpendicular TSnglish  style. 

The  dates  of  these  styles  we  shall  state  hereafter,  and  it  maj 

be  proper  to  notice,  that  the  clear  distinctions  are  now  almost 

entirely  confined  to  churches ;  for  the  destruction  and  alteration 

of  castellated  buildings  has  been  so  great,  from  the  alterations 

^      6.— Vol.  L  S 
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of  the  modes  of  warfare,  &c.  that,  in  thein^  we  can  hardly  tell 
which  is  original  and  which  addition. 

Before  we  enter  on  a  description  of  the  styles  separately,  it 
will  be  necessary  to  explain  a  few  terms  which  are  made  use 
of  ill  describing  churches,  &c.  and  without  understanding 
which,  it  will  be  impossible  to  comprehend  the  subject 
clearly. 

Most  of  the  ancient  ecclesiastical  edifices,  when  considered 
complete,  were  built  in  the  form  of  a  cross,  with  a  tower,  lan- 
tern, or  spire  erected  at  the  intersection.  The  interior  space 
was  usually  thus  divided : 

The  space  westward  of  the  cross  is  called  the  tiave. 

The  divisions  outward  of  the  piers  are  called  aisles. 

The  space  eastward  of  the  cross  is  genendly  the  choir. 

The  part  running  north  and  south  is  called  the  cross  or 
transept.  ^ 

The  choir  is  generally  enclosed  by  a  screen,  on  the  western 
part  of  which  is  usually  placed  the  organ. 

The  choir,  in  cathedrais,  does  not  generally  extend  to  the 
eastern  end  of  the  building,  but  there  is  a  space  behind  the 
altar,  usually  called  the  laay  chapel. 

The  choir  is  only  between  the  piers,  and  does  not  include 
the  side  aisles,  which  serve  as  passages  to  the  lady  chapel, 
altar,  8lc. 

The  transept  has  sometimes  side  aisles,  which  are  often  sepa- 
rated by  screens  for  chapels. 

Chapels  are  attached  to  all  parts,  and  are  frequently  addi- 
tions. 

The  aisles  of  the  nave  are  mostly  open  to  it,  and  in  cathe- 
drals both  are  generally  without  pews. 

In  churches  not  collegiate,  the  eastern  space  about  the  altar 
is  called  the  chancel. 

To  the  sides  are  often  attached  small  buildings  over  the 
doors,  called  porches,  which  have  sometimes  vestries,  schools, 
&c.  over  them. 

Theybn^  is  generally  placed  in  the  western  part  of  the  nave, 
but  in  small  cnurches  its  situation  is  very  various. 

In  large  churches,  the  great  doors  are  generally  either  at 
the  west  end,  or  at  the  end  of  the  transepts,  or  both ;  but  in 
small  churches,  often  at  the  sides. 

To  most  cathedrals  are  attached  a  chapter^hause  and  cloisters, 
which  are  usually  on  the  same  side. 

The  chapter-house  is  often  multangular. 

The  chtsters  are  generally  a  quadrangle,  with  an  open  space 
in  the  centre;  the  side  to  which  is  a  series  of  arches,  originally 
glazed,  now  mostly  open.   The  other  wall  is  generally  one  sidf 
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of  the  church  or  other  buildings,  with  which  the  cloisters  Com- 
municate by  various  doors.  The  cloisters  are  usually  arched 
overhand  formed  the  principal  communication  between  the 
different  parts  of  the  monastery. 

The  lady  chapel  is  not  always  at  the  east  end  of  the  choir; 
at  Durham  it  is  at  the  west  end  of  the  nave ;  at  Ely,  on  the 
north  side. 

The  choir  sometimes  advances  westward  of  the  cross,  as  at 
Westminster. 

The  spaces  in  the  interior,  between  the  arches,  wte  piers. 

The  windows  above  the  arches,  which  appear  on  the  out 
side  over,  the  roof  of  the  aisles,  are  called  clerestory  tmndows. 

Any  building  above  the  roof  may  be  called  a  steepie.  If  it 
be  square-topt,  it  is  called  a  tower. 

A  tower  may  be  round,  square,  or  multan^lar.  The  tower 
is  often  crowned  with  a  spire,  and  sometimes  with  a  short 
tower  of  light  work,  which  is  called  a  lantern.  An  opening 
into  the  tower,  in  the  interior,  above  the  roof,  is  also  called  a 
lantern. 

Towers  of  great  height  in  proportion  to  their  diameter,  are 
called  turrets;  these  often  contain  staircases,  and  are  some- 
times crowned  with  small  spires. 

Large  towers  have  often  turrets  at  their  corners,  and  often 
one  larger  than  the  others,  containing  a  staircase ;  sometimes 
they  have  only  that  one. 

The  projections  at  the  corners,  and  between  the  windows, 
are  called  buttresses. 

The  walls  are  crowned  by  9,  parapet,  which  is  straight  at  the 
top,  or  a  battlement,  which  is  indented ;  both  may  be  plain  or 
sunk,  pannelled  or  pierced. 

Arcnes  are  round,  pointed,  or  mixed  : 

A  semi-circular  arch  has  its  centre  in  the  same  line  with  its 
spring. 

A  segmental  arch  has  its  centre  lower  than  the  spring. 

A  horseshoe  arch  has  its  centre  above  the  spring. 

Pointed  arches  are  either,  equilateral— descrihed  from  two 
centres,  which  are  the  whole  oreadth  of  the  arch  from  each 
other,  and  form  the  arch  about  an  equilateral  triangle ;  or  drop 
arches,  which  have  a  radius  shorter  than  the  breadth  of  the  arch, 
and  are  described  about  an  obtuse-angled  triangle ;  or  lancet 
arches,  which  have  a  radius  longer  than  the  breadm  of  the  arch, 
and  are  described  about  an  acute-anglect  triangle. 

All  these  pointed  arches  may  be  of  the  nature  of  segmental 
arches,  and  nave  their  centres  below  their  sprincr. 

Mixed  arches  are  of  three  centres,  which  look  nearly  like 
elliptical  arches;  or  of  four  centres,  commonly  called  the  Tudof 
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arch:  this  is  flat  for  its  span,  and  has  two  of  its  centres  in  or 
near  the  spring,  and  the  other  two  far  below  it. 

The  ogee,  or  contrasted  arch,  has  four  centres ;  two  in  om  near 
the  span,  and  two  above  it,  and  rerersed. 

The  spaces  included  between  the  arch  and  a  square  formed 
at  the  outside  of  it,  are  called  tpandrells,  and  are  often  oma* 
mented. 

Windows  are  divided  into  lights  by  mulUons. 

The  ornaments  of  the  divisions  at  the  heads  of  windows, 
&c.  are  called  tracery.  Tracery  is  either  flowing,  where  the 
lines  branch  out  into  leaves,  arches,  8cc.;  or  perpendicular, 
where  Uie  mulUons  are  continued  through  in  straignt  lines. 

The  horizontal  divisions  of  windows,  &c.  are  called  tran- 
9oms, 

The  parts  of  tracery  are  ornamented  with  small  arches  and 
points,  which  is  called  feathering  or  foliation,  and  the  teall 
arches  cusps,  and  according  to  the  number  in  immediate  con- 
nection, tney  are  called  trefoil,  quatrefoil,  cinquefoil,  8cc.  for 
which  see  the  plate. 

The  cusps  are  sometimes  again  feathered,  and  this  is  called 
double  feathering. 

Tablets  are  small  projecting  mouldings,  or  strings,  mostly 
horizontal. 

The  tablet  at  the  top,  under  the  battlement,  is  called  a  cor^ 
nice,  and  that  at  the  bottom  a  basement,  under  which  is  gene- 
rally a  thicker  wall. 

The  tablet  running  round  doors  and  windows,  is  called  a 
drip-stone,  and  if  ornamented,  a  canopy. 

JSands  are  either  small  strings  round  shafts,  or  a  horizontal 
line  of  square,  round,  8cc.  pannels,  used  to  ornament  towers, 
spires,  8cc. 

Niches  are  small  arches,  mostly  sunk  in  the  wall,  and  orna- 
mented often  very  richly  with  buttresses,  canopies,  8cc. 

A  corbel  is  an  ornamented  projection  from  the  wall,  to  sup- 
port an  arch,  niche,  8lc.  and  is  often  a  head  or  part  of  a  fignre 
or  animal. 

A  pinnacle  is  a  small  spire,  generally  square  and  ornamented, 
which  is  usually  placed  on  the  tops  of  buttresses,  both  exter- 
nal and  internal. 

The  small  bunches  of  foliage  ornamenting  canopies,  pinna* 
cles,  &c.  are  called  crockets. 

The  larger  bunches  on  the  top  are  called  flnials,  and  this 
term  is  sometimes  applied  to  the  whole  pinnacle. 

The  seats  for  the  dean,  canons,  &c.  in  the  choirs  of  colle- 
giate churches,  are  called  stalls. 

The  bishop's  seat  is  called  his  throne. 
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The  ornamental  open  work  over  the  stalls,  and  in  general 
any  minute  ornamental  open  work,  is  cfilled  tabernacle  work* 

Income  churches^  not  collegiate,  there  yet  remains  a  screen, 
with  a  large  projection  at  the  top,  between  the  nave  and  chan«- 
cel,  on  which  was  anciently  placed  certain  images;  this  was 
called  a  rood  loft. 

Near  the  entrance  door  is  sometimes  found  a  small  niche, 
with  a  basin,  which  held,  in  catholic  times,  their  holy  water; 
these  are  called  stoups. 

Near  the  altar,  or  at  least  where  some  altar  has  once  been 

Spaced,  there  is  sometimes  found  another  niche,  distinguished 
irom  the  stoup  by  having  a  small  hole  at  the  bottom  to  carry 
off  the  remains  of  the  consecrated  wine ;  this  is  called  a /lit* 
cina ;  it  is  often  double,  with  a  place  for  the  bread. 

On  the  south  side,  at  the  east  end  of  some  churches,  are 
fouild  stone  walls,  either  one,  two,  or  three;  of  which  the  uses 
have  been  much  contested. 

Under  several  large  churches,  and  some  few  small  ones,  are 
certain  vaulted  chapels,  these  are  called  crypts. 

In  order  to  render  the  comparison  of  the  different  styles 
easy,  we  shall  divide  the  description  of  each  into  the  following 
sections : 

Doors,  ^ 

Windows, 

Arches, 

Piers, 

Buttresses, 

Tablets, 

Niches,  and  ornamental  arches,  or  pannels. 

Ornamental  carvings. 

Steeples ; 

And  at  the  end  of  the  styles  will  be  noticed,  in  one  series, 
the  sections  of  battlements  and  roofs. 

We  shall  first  ^ive,  at  one  view,  the  date  of  the  styles,  and 
their  most  prominent  distinctions,  and  then  proceed  to  the 
particular^ sections  as  described  above. 

1st,  the  Norman  Style,  which  prevailed  to  the  end  of  the 
reign  of  Henry  II,  in  ll89;  distinguished  by.  its  arches  being 
generally  semi-circular,  and  not  pointed,  wttji  bold  and  rude 
ornaments.  This  style  seems  to  nave  oommaaoed  before  the 
conquest,  but  we  have  no  remains  retdfy  known  to  be  more 
than  a  very  few  years  older. 

2nd,  the  Early  English  Style,  reachinff  to  the  end  of  the 
rei^n  of  Edward  I,  in  1307;  distinguished  by  pointed  arches, 
ana  long  narrow  windows,  without  mullions ;  and  a  peculiar 
toothed  ornament,  more  fully  described  heresfter. 
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3d»  Decorated  English,  reaching  to  the  end  of  the  reign  of 
Edward  III»  in  1377,  and  perhajis  from  ten  to  fifteen  years 
longer.  This  style  is  distinguished  by  its  large  windows, 
which  have  pointed  arches  divided  by  mullions,  and  the  tra- 
cery in  flowing  lines  of  circles^  arches,  &c.  and  not  running 
perpendicularly ;  its  ornaments  rich,  and  very'delicately  carv- 
ed; and  ornament  used  t.  very  great  extent,  yet  seldom 
crowded. 

Perpendicular  English,  This  is  the  last  style,  and  appears 
to  have  been  in  use,  though  much  debased,  even  perhaps  ns 
far  as  to  1630  or  1640,  but  only  in  additions.  Probably  the 
latest  whole  building  is  not  later  than  Henry  VIII.  The 
name  clearly  designates  this  style,  for  the  mullions  of  the  win- 
dows, the  ornamental  pannelhng,  &c.  run  in  perpendicular 
lines,  and  form  a  complete  distinction  from  the  last  style,  and 
the  richer  buildings  are  often  so  crowded  with  ornameni,  as 
to  destroy  the  beauty  of  the  design.  The  carvings  are  gene- 
rally very  delicately  executed. 

It  may  be  necessary  to  state,  that  though  many  writers  speak 
of  Saxon  buildings,  those  which  they  describe  as  such,  are 
either  known  to  be  Norman,  or  are  so  like  them,  that  there  .is 
no  real  distinction.  But  it  is  most  likely,  that  in  some  obscure 
country  church  tower,  8cc.  some  real  Saxon  work  of  a  much 
earlier  date  may  exist;  hitherto,  however,  none  has  been  as- 
certained to  be  of  so  great  an  age. 

AVe  shall  now  begin  to  trace 

The  First,  or  Nobman  Style. 

Norman  Doors. 

There  seems  to  have  been  a  desire  in  the  architects  who 
succeeded  the  Normans,  to  preserve  the  doors  of  their  prede- 
cessors, whence  we  have  so  many  of  these  noble,  though,  in 
most  cases,  rude  efforts  of  skill,  remaining.  In  many  small 
churches,  where  all  has  been  swept  away,  to  make  room  for 
even  perpendicular  alterations,  the  Norman  door  has  been  suf- 
fered to  remain.  They  are  varied,  yet  there  is  no  prominent 
distinction  to  make  it  necessary  to  subdivide  them.  The  arch 
is  semi-circular,  and  the  mode  of  increasing  their  richness,  was 
by  increasixi^  the  number  of  bands  of  moiuding,  and  of  course 
the  depth  ofthe  arch.  Shafts  are  often  used,  out  not  always, 
and  we  find  very  frequently,  in  the  same  building,  one  door 
with  shafts,  and  one  without.  When  shafts  are  used  there  is 
commonly  an  impost  moulding  above  them,  before  the  arch 
mouldings  spring.  These  mouldings  are  generally  much 
ornamented,  and  the  wave  or  zigzag  ornament  in  some  of  itd 


ARCHtTECtUHK.  \96 


Noraudi  wJBdiywi* 


dirersities.  is  almost  universal,  as  is  a  large  round  moulding, 
with  the  Ireads  on  the  outer  edge  projecting  their  beaks  over 
this  moulding.  There  are  also  mouldings  with  a  series  of 
figures  enclosed  in  a  running  ornament;  and  at  one  church  at 
York,  these  figures  are  the  zodiacal  signs.  The  exterior 
moulding  often  goes  down  no  lower  than  the  spring  of  the 
arch,  thus  forming  an  apparent  dripstone,  though  it  does  not 
project  so  as  really  to  form  one.  The  door  is  often  square, 
and  the  interval  to  the  arch  filled  with  moaldinss.  Amonsrst 
the  great  variety  of  these  doors  in  excellent  preservation,  it  is 
difficult  to  point  out  particulars,  but  Iffley  church,  near  Ox- 
ford, is  perhaps  the  best  specimen,  as  it  contains  three  doors, 
all  of  which  are  different;  and  the  south  door  is  nearly  unique,  ' 
from  the  flowers  in  its  interior  raouldinors.  South  Ockenden 
church,  in  Essex,  has  also  a  door  of  uncommon  beauty  of  de- 
sign and  elegance  of  execution.  Durham,  Roches teV,  Wor- 
cester,'and  Lincoln  cathedrals,  have  also  fine  Norman  doors. 
In  these  doors,  almost  all  the  ornament  is  external,  and  the 
inside  often  quite  plain. 

There  does  not  appear  to  have  been  any  double  Norman 
doors. 

Norman  Windows. 

The  windows,  in  this  style,  are  diminutive  doors  as  to  iheir 
ornaments,  except  that,  in  large  buildings,  shafts  are  more  fre- 

3uent,  and  often  with  plain  mouldings.  The  size  of  these  win- 
ows  is  generally  small,  seldom,  except  in  very  large  buildings, 
80  large  as  even  a  small  door;  there  are  no  mullions;  tne 
arch  is  semi-circular,  and  if  the  window  is  quite  plain,  gene- 
rally sloped  sides,  either  inside  or  out,  or  both ;  the  bottojn 
often  nearly  horizontal.  The  proportions  of  the  Norman  win- 
dows are  generally  those  of  a  door,  and  very  rarely,  if  ever, 
exceed  two  squares  in  height,  of  the  exterior  proportions,  in- 
cluding the  ornaments. 

The  existing  Norman  windows  are  mostly  in  buildings  re- 
taining still  the  entire  character  of  that  style  ;  for  in  most  they 
have  been  taken  out,  and  others  of  later  styles  put  in,  as  at 
Durham  and  many  other  cathedrals. 

There  are  still  remaining  traces  of  a  very  few  circular  win- 
dows of  this  style;  the  west  window  at  Iffley  was  circular,  but 
it  is  taken  out;  there  is  one  in  Canterbury  cathedral,  which 
seems  to  be  Norman ;  and  there  is  one  undoubtedly  Norman 
at  Barfreston,  rendered  additionally  singular,  by  its  being  di- 
vided by  grotesque  heads,  and  something  like  mullions,  though 
?ery  rude,  into  eight  parts. 

There  seems  to  have  becfn  little  if  any  attempt  at  feathering 
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or  foliating  the  heads  of  Norman  doors  or  windows :  but  there 
is  a  singular  door  in  the  cloisters  at  Chester,  with  S  semi-cir- 
cular head,  that  has  an  ornament  of  this  kind,  but  from  its 
situation,  and  the  alterations  which  have  been  made,  it  is  nn* 
certain  whether  it  is  original  or  not. 

Norman  A  rches. 

The  early  Norman  arches  are  semi-circular,  and  in  many 
instances  this  form  of  the  arch  seems  to  have  continued  to  the 
latest  date,  even  when  some  of  the  parts  were  quite  advanced 
into  the  next  style;  of  this  the  Temple  church  is  a  curious 
instance;  here  are  piers  with  some  of  the  features  af  the  next 
'  6tyle,  and  also  pointed  arches  with  a  range  of  intersecting 
arches,  and  over  this  the  old  round-headed  Norman  window. 
But  though  the  round  arch  thus  continued  to  the  very  end  of 
the  style,  the  introduction  of  pointed  arches  must  have  been 
much  earlier,  for  we  find  intersecting  arches  in  buildings  of 
the  purest  Norman,  and  whoever  constructed  them,  constructed 
pointed  arches ;  but  it  appears  as  if  the  round  and  pointed 
arches  were  for  nearly  a  century  used  indiscriminately,  as  was 
most  consonant  to  the  necessities  of  the  work,  or  the  builder's 
ideas.  Kirkstall  abbey  has  all  its  work  exteriorly  round  arches^ 
but  the  nave  has  pointed  arches  in  the  interior.  There  are 
some  Norman  arches  so  near  a  semi-circle  as  to  be  only  just 
perceptibly  pointed,  and  still  with  the  rudely  carved  Norman 
ornaments. 

There  are  are  a  few  Norman  arches  of  very  curious  shape, 
bein^  more  than  a  semi-r.ircle,  or  what  is  called  a  horse-shoe, 
and  in  a  few  instances  a  double  arch.  These  arches  have 
sometimes  plain  faces,  but  are^much  oftener  ornamented  with 
the  zigzag,  and  other  ornaments  peculiar  to  this  style. 

Norman  Piers. 

These  are  of  four  descriptions,  1st,  The  round  massive  co- 
lumnar pier,  which  has  sometimes  a  round,  and  sometimes  a 
square  capital;  they  are  generally  plain,  but  sometimes  orna- 
mented with  channels  in  various  forms,  some  plain  zigzag»  ^ 
some  like  network,  and  some  spiral.  They  are  sometimes  met 
with  but  little  more  than  two  diameters  high,  and  sometimes 
are  six  or  seven,  and  those  with  square-headed  capitals  are 
generally  the  tallest. 

2nd,  A  multangular  pier,  much  less  massive,  is  sometimes 
used,* generally  octagonal,  and  commonly  with  an  arch  more 
or  less  pointed. 

3d,  The  common  pier  with  shafts ;  these  have  sometimes 
plain  capitals,  but  sometimes  much  ornamented  with  nidt 
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foliage,  and  occasionally  aoimals.  The  shafts  arc  mostly  set 
ID  square  recesses. 

4tii,  A  plain  pier,  with  perfectly  ptaia  round  arches  in  two 
or  three  divisions. 

In  some  cases,  the  shafts  are  divided  by  bands,  but  the  in- 
stances are  very  few. 

Norman  But  [ruses. 

These  require  HtUe.  description ;  they  are  plain  broad  faces, 
with  but  small  projection,  often  only  a  few  inches,  and  often 
running  up  only  to  the  cornice  tablet,  and  there  finishing  un- 
der its  projection.  Sometimes  they  are  finished  with  a  plain 
slope,  and  in  a  few  instances  are  composed  of  several  shafts 
Bands  or  tablets  running  along  the  walls,  often  run  round  the 
buttresses. 

Norman  Tablets. 
In  treating  of  tablets,  that  which  is  usually  called  the  cor- 
nice is  of  the  first  consideration ;  this  is  frequently  only  a  plain 
face  of  parapet,  of  the  same  projection  as  the  buttresses ;  but 
under  it  there  is  often  placed  a  row  of  blocks,  sometimes 
plain,  sometimes  carved  in  grotesque  heads,  and  in  some  in- 
stances the  grotesque  heads  support  small  arches,  in  which  case 
it  is  called  a  corbel  table.  A  plain  string  is  S\so  sometimes 
used  as  a  cornice. 

The  next  most  important  tablet  is  the  dripstone,  or  outer 

moulding  of  windows  and  doors;  this  is  sometimes  undistin- 

I  ^uished,  but  oftener  a  plain  round  or  square  string,  frequently 

'  continued  horizontally  from  one  window  to  another  round  the 

buttresses. 

The  other  tablets  under  windows,  Eic.  are  generally  plain 
slopes  above  or  below  a  fiat  string.  In  the  interior,  and  in 
some  instances  in  the  exterior,  these  are  much  carved  in  the 
various  ornaments  described  hereafter. 

Norman  Nichei,  Sse. 

These,  if  so  they  may  be  called,  are  a  series  of  small  arches 
with  round  and  often  with  intersecting  arches,  sometimes 
without,  but  oftener  with  shafts.  Some  of  these  arches  have 
their  mouldings  much  ornamented ;  but  very  few,  if  any,  ap- 
pear to  have  been  intended  for  statues. 
Norman  OrnamenU. 

The  ornaments  of  this  style  consist  principally  of  the  differ- 
ent kinds  of  carved  mouldings  surrounding  doors  and  windows, 
and  used  as  tablets.    The  first  and  most  frequent  of  these  is  the 
6.— Vol.  I.  T 
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zigzag  or  chevron  moulding,  which  is  generally  used  in  great 

C refusion.  The  next  most  common  on  door  mouldings,  is  the 
eak-head  moulding,  consisting  of  a  hollow  and  a  large  round ; 
in  the  hollow  are  placed  heads  of  beasts  or  birds,  whose  tongues 
or  beaks  encircle  the  round.  After  these  come  many  varieties, 
almost  every  specimen  having  some  difference  of  composition; 
a  good  collection  of  these  may  be  seen  in  the  Archeeologia, 
and  King's  Munimenta  Antiqua. 

The  capitals  of  piers  and  shafti^  are  often  very  rudely  carved 
in  various  grotesque  devices  of  animals  and  leaves ;  but  in  all^ 
the  design  is  rude,  and  the  plants  are  unnatural. 

Norman  Steeples.         , 

The  Norman  steeple  was  mostly  a  massive  tower,  seldom  ris- 
ing more  than  a  square  in  height  above  the  roof,  and  often  not 
so  much.  They  are  sometimes  plain,  but  often  ornamented  by 
plain  or  intersecting  arches,  and  have  generally  the  flat  but- 
tress, but  that  of  St.  Alban's  runs  into  a  round  turret  at  each 
comer  of  the  upper  stage;  and  at  St.  Peter's,  Northampton, 
there  is  a  singular  buttress  of  three  parts  of  circles,  but  there 
is  some  doubt  if  it  is  not  an  addition.  It  does  not  seem  likely 
we  have  any  Norman  spires,  but  there  are  s^me  turrets  crowned 
with  large  pinnacles,  which  may  be  Norman — such  is  one  at 
Cleve  in  Gloucestershire,  and  one  of  the  towers  at  the  side  of 
the  west  front  of  Rochester  cathedral 

Having  gone  through  the  parts,  it  remains  to  speak  of  the 
general  appearance  ofthe  Norman  buildings,  of  which  we  have 
very  few,  if  any,  remaining  unaltered.  Almost  all  the  west 
fronts,  and  many  transept  ends,  have  had  new  windows,  but 
some  small  churches  remain  nearly  entire.  These  present  ap- 
pearances of  great  solidity,  but  not  much  beauty ;  the  exterior 
doors  being  generally  the  best  portion.  But  though  heavy  and 
dark,  from  the  smallness  of  the  windows,  some  of  the  large 
Norman  edifices,  when  complete,  were  very  magnificent. 
Amply  to  show  this,  enough  remains  at  Durham,  Southwell, 
Gloucester,  Rochester,  &c. .  In  imitating  or  restoring  build- 
ings of  this  style,  the  work  should  not  be  polished  too  highly, 
as  all  the  Norman  work  remaining,  is,  however  di£Scult  oi  ex« 
ecutioD,!  still  rude,  and  ^ot  finely  polished. 
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Of  the  Second,  or  Eahlv  English  Style. 
Earli/  English  Doors. 

As  the  Norman  doors  may  be  said  to  be  all  of  semi-circiilar 
arches,  these  may  be  said  to  be  all  pointed,  at  least  all  the  ex- 
terior ornamented  ones;  for  there  are  small  interior  doors  of 
this  style  with  flat  tops,  and  the  sides  of  the  top  as  it  were 
supported  by  a  quarter  circle  from  each  side.  The  large  doors 
of  this  style  are  mostly  double,  the  two  being  divided  by  either 
one  shaft  or  several  cIustered,andaquatrefoil  or  other  ornament 
over  them.  These  doors  are  often  as  finely  recessed  as  the  Nov-  ' 
man,  but  thcbands  and  shafts  are  more  numerous, being  smaller; 
and  in  the  hollow  mouldings  they  are  frequently  enriched  with 
the  peculiar  ornament  of  tnis  style,  a  singular  toothed  projec- 
tion, which.when  well  executed,  has  a  fine  effect.  But  although 
this  ornament  Is  often  used,  (and  sometimes  a  still  higher  en- 
riched moulding  or  band  of  open  work  flowers,)  there  are 
many  doors  of  this  style,  perfectly  plain.  Of  this  kind  the 
door  of  Christchurch,  Hants,  is  a  fine  specimen. 

The  dripstone  is  generally  clearly  marked,  and  often  small, 
and  supported  hj  .'.  head.  In  many  doors,  a  trefoil  and  even 
ciuquefoil  feathering  is  used,  the  points  of  which  generally 
finish  with  balls,  roses,  or  some  projecting  ornament.  The 
principal  moulding  of  these  doors  has  generally  an  equilateral 
arch,  but  from  the  depth  and  number  of  the  mouldings,  the 
'  exterior  becomes  often  nearly  a  semi-circle.  In  interiors,  and 
perhaps  sometimes  too  in  the  exterior,  there  are  instances  of 
doors  with  a  trefoil-headed  arch.  The  shafts  attached  to  these 
doors  are  generally  round,  but  sometimes  filleted,  and  they 
generiilly,  but  not  always,  stand  quite  free  in  a  hollow  mould- 
ing. They  have  a  variety  of  capitals,  many  plain,  but  many 
with  delicate  leaves  running  up  and  curling  round  under  the 
cap  moulding,  often  looking  like  Ionic  volutes.  The  bases 
are  various,  but  a  plain  round  and  fillet  is  often  used,  and  the 
reversed  ogee  sometimes  introduced.  All  these  mouldings  are 
cut  with  great  boldness,  the  hollows  form  fine  deep  shadows, 
and  the  rich  bands  of  open-work  leaves  are  as  beautiful  as  at 
any  subsequent  period,  being  sometimes  entirely  hollow,  and 
havisg  no  support  but  the  attachment  at  the  sides,  and  the 
connection  oi  the  leaves  themselves.  Of  these  doors,  though 
they  are  not  so  numerous  as  the  Norman,  many  still  remain  in 

Eerfect  preservation;  York,  Lincoln,  Chichester,  and  Salis- 
ury,  have  extremely  fine  ones;  and  Beverley  minster  one,  of 
which  the  mouldings  are  bolder  than  most  of  them.  The  door 
of  the  tranriept  at  York,  and  those  of  the  choir  screen  s<t 
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Lincoln,  have  bands  of  the  richest  execution — and  there  is  a 
fine  double  door  at  St.  Cross. 

There  are  many  wooden  doors,  both  of  this  style  and  the 
Norman,  which  seem  to  be  of  the  same  age  as  the  stone  work, 
and  some  very  curiously  ornamented  with  ramifications  of 
iron-work  from  the  hinges,  &c. 

Earli/  English  Windows. 

These  are,  almost  universally,  long,  narrow,  and  lancet^ 
headed,  generally  without  feathering,  but  in  some  instances 
trefoiled. 

From  this  single  shape  of  windows,  a  variety  of  appearance 
results  from  their  combination.  At  Salisbury,  one  of  the 
earliest  complete  buildings  remaining,  there  are  combinations 
of  two,  three,  five,  and  seven.  Where  there  are  two  there  is 
often  a  trefoil,  quatrefoil,  &c.  between  the  heads;  and  in  lai^e 
buildings,  where  there  are  three  or  more,  they  are  often  divid-» 
ed  by  so  small  a  division  as  to  seem  the  lights  of  a  large  win- 
dow, but  they  are  really  separate  windows,  having  their  heads 
*forrared  from  individual  centres,  and  in  general  separate  drip- 
stones. This  is  the  case  even  at  Westminster,  where  they  ap- 
proach nearer  to  a  division  by  muliions,  from  having  a  small 
triangle  pierced  beside  the  quatrefoil,  and  a  general  dripstone 
over  all.  In  small  buildings,  these  are  generally  plain,  with 
the  slope  of  the  opening  considerable,  and  in  some  small  cha- 
pels the  windows  are  very  narrow  and  long.  In  larger  build- 
ings they  are  often  ornamented  with  very  long  and  slender 
shafts,  which  are  frequently  banded.  Most  of  our  cathedrals 
contain  traces  of  windows  of  this  character,  but  some,  as  at 
Durham,  have  tracery  added  since  their  original  erection. 
Salisbury,  Chichester,  Lincoln,  Beverley,  and  York,  still  re- 
main pure  and  beautiful ;  at  York  north  transept  are  windows 
nearly  fiflby  feet  high,  and  about  six  or  eight  wide,  which  have 
a  very  fine  efiect.  Although  the  architects  of  this  style  work- 
ed their  ordinary  windows  thus  plain,  they  bestowed  much  care 
on  their  circles.  Beverley  minster,  York,  Durham,  and  Lincoln, 
have  all  circles  of  this  style  peculiarly  fine,  and  there  may  be 
many  others ;  that  of  the  souUi  transept  at  York,  usually  called 
the  marygold  window,  is  extremely  rich,  but  the  tracery  of 
the  circles  at  Westminster  is  of  a  much  later  date. 

There  is  in  all  the  long  windows  of  this  style,  one  almost 
universal  distinction;  from  the  straight  side  of  the  window 
opening,  if  a  shaft  is  added,  it  is  mostly  insular,  and  has  sel* 
dcm  any  oontiection  with  this  side,  so  as  to  break  it  into  faces, 
though  the  shafts  are  inser£ed  into  the  sides  of  the  doorsi  so 
as  to  give  great  variety  to  the  opening. 
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At  Westminster  abbey,  there  are  a  Beries  of  windows  above 
those  of  the  aislee,  which  are  formed  in  spherical  equilateral 
triangles. 

JBar/y  English  Arches. 

The  window  arch  of  this  style  being  generally  a  lancet  arch, 
and  some  persona  having  considered  the  shape  of  the  arch  to 
be  a  very  distinguishing  feature  of  the  different  styles,  it  may 
be  necesgaiy  in  this  place  to  say  a  few  words  on  arches  gene- 
rally. If  we  examine  with  care  the  various  remains  of  the  dif- 
ferent styles,  we  shall  see  no  such  constancy  of  arch  as  has 
been  apprehended;  for  there  are  composition  lancet  arches, 
used  both  at  Henry  the  VII. 's  chapel,  Westminster,  and  at  Bath; 
and  there  are  flat  segmental  arches  in  the  early  English  part 
of  York ;  and  upon  the  whole  it  will  appear,  that  (he  architect 
was  not  confined  to  any  particular  description  of  arch.  The 
only  arch  precisely  attached  to  one  period,  is  the  four-centered 
avcli,  which  does  not  appear  in  windows,  &.c.  if  it  docs  in  the 
composition  of  groins,  before  the  perpendicular  style.  Id 
large  buildings,  the  nave  arches  of  the  early  English  style 
were  often  lancet,  but  in  some  large  and  many  small  ones, 
they  are  flatter,  some  of  one-third  drop,  and  perhaps  even 
more,  and  sometimes  pointed  segmental. 

At  Canterbury,  in  tlie  choir,  are  some  curious  pointed  horse- 
shoe arches,  and  perhaps,  though  not  common,  they  may  be 
found  in  other  places. 

The  architraves  of  the  large  arches  of  rich  buildings  are 
DOW  beautifully  moulded  like  the  doors,  with  rich,  deep,  hol- 
low mouldings,  often  enriched  witii  the  toothed  ornament, 
or  this  description,  York  transepts,  and  the  nave  and  tran- 
septs of  Lijicoln,  are  beautiful  specimens ;  Salisbury  is  worked 
plainer,  but  not  less  really  beautiful,  and  Westminster  abbey 
13  (the  nave  at  least)  nearly  plain,  but  with  great  boldness  of 
mouIdin<r. 

The  arches  of  the  gallery  in  this  style,  are  often  with  tre- 
foiled  heads,  and  the  mouldings'  running  round  the  trefoil, 
even  to  the  dripstone;  Chester  choir  is  a  fine  specimen,  and 
there  are  some  beautiful  plain  arches  of  this  description  in 
Winchester  cathedral. 

Earlj/  English  Piers. 

Of  the  piera  of  large  buildings  of  this  style,  there  are  two 
distinguishing  marks  ;  first,  the  almost  constant  division  of  the 
ahaiVs  which  compose  them,  by  one  or  more  bands  in  their 
Imgth,  and  secondly,  their  being  ranged  circularly  round  the 
centre.     In  general  tliey  are  few,  sometimes  only  four,  some- 
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times  eighty  set  round  a  large  circular  one ;  such  are  the  piers 
of  Salisbury  and  of  Westminster  abbey ;  there  are  sometimes 
so  many  as  nearly  to  hide  the  centre  shaft,  as  at  Lincoln  and 
York;  out  the  circular  arrangement  is  still  preserved,  and 
there  are  some  few,  as  at  the  choir  at  Chester,  which  come  so 
near  the  appearance  of  decorated  piers,  as  to  be  almost  alone 
distinguishable  by  this  circular  arrangement. 

The  capitals  of  these  shafts  ar^  various ;  in  many,  perhaps 
the  greater  number  of  buildings,  they  are  plain,  consisting  of 
a  bell  with  a  single  or  double  annulet  under  it,  and  a  son  of 
coping,  with  more  annulets  above,  and  these  mouldings  are 
continued  round  the  centre  pier,  so  as  to  form  a  general  capital; 
The  dividing  bands  are  also  formed  of  annulets  and  fillets,  and 
are  often  continued  under  windows,  &c.  as  tablets,  and  are, 
like  the  capitals,  continued  round  the  centre  shaft.  Another 
and  richer  capital  is  sometimes  used,  which  has  leaves  like 
those  in  the  capitals  of  the  door  shafts.  This  kind  of  capital 
is  generally  used  where  the  shafts  entirely  encompass  the 
centre  one,  as  at  York  and  Lincoln,  and  has  a  very  fine  efTect, 
the  leaves  being  often  very  well  executed.  The  bases  used  are 
frequently  near  approaches  in  contour  to  the  Grecian  attio 
base,  but  the  reversed  ogee  is  sometimes  used.  There  is  an- 
other sort  of  pier  in  buildings  that  appear  to  be  of  this  style, 
which  is  at  times  very  confusing,  as  the  same  kind  of  pier 
seems  to  be  used  in  small  churches  even  to  a  very  late  date ; 
this  is  the  plain  multangular  (generally  octagonal)  pier  with 
a  plain  capital,  of  a  few  very  simple  mouldings,  and  with  a 
plain  sloped  arch.  Piers  of  tnis  description  are  very  frequent, 
and  it  requires  great  nicety  of  observation  and  discrimination 
to  refer  them  to  their  proper  date  ;  but  a  minute  examination 
will  often,  by  some  small  matter,  detect  their  age,  though  it 
is  impossible  to  describe  the  minutioB  without  many  figures. 

Early  English  Buttresses. 

These  are  of  four  descriptions.  1st,  The  old  Norman  flat 
buttress  is  often  used,  but  it  is  not  always  as  broad,  and  its 
tablets,  8&c.  are  more  delicate. 

2nd,  A  buttress  not  so  broad  as  the  flat  one,  but  nearly  of 
the  same  projection  as  breadth,  and  carried  up,  sometimes 
with  only  one  set-off,  and  sometimes  without  any,  and  these 
have  often  their  edges  chamfered  from  the  window  tablet. 
They  sometimes  have  a  shaft  at  the  comer,  and  in  large  rich 
buildings  are  occasionally  pannelled. 

3d,  A  long  slender  buttress,  of  narrow  face,  and  great  pro* 
jection  in  few  stages,  is  used  in  some  towers,  but  is  not  venr 
common. 
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|th.  Towards  the  latter  part  oT  this  style,  the  buttress  in 
Eages  was  usedj  but  it  is  not  very  coinmon,  and  is  sufficiently 
aistinguislied  by  its  triangular  head,  the  uaiial  finish  of  this 
style,  which  can  hardly  be  called  a  pinnacle,  though  some- 
tjmes  it  slopes  off  from  the  front  to  a  point. 

^Er,  Early  English  Tablets. 

^H['The  cornice  is  now  become  sometimes  rich  in  mouldings, 
^^Eld  often  with  an  upper  slope,  making  the  face  of  the  parapet 
perpendicular  to  the  wait  below;  there  are  cornices  of  tnui 
style  still  resembling  the  Norman  projecting  parapet,  but  they 
consist  of  several  mouldings.  The  hollow  moulding  of  the 
cornice  is  generally  plain,  seldom  containing  flowers  or  earr- 
ings, but  under  the  mouldings  there  is  often  a  series  of  small 
arches  resembling  the  corbel  table. 

Tbe  dripstone  of  this  style  is  various,  sometimes  of  several 
mouldings,  sometimes  only  a  round  with  a  smalt  hollow.  It 
is,  in  the  interior,  occasionally  ornamented  with  the  toothed 
ornament,  and  in  a  few  late  instances,  as  the  interior  of  tha 
choir  at  Westminster,  with  Sowers.  In  a  few  buildins;s,  the 
dripstone  is  returned,  and  runs  as  a  tablet  along  the  walls. 
It  is  in  general  narrow,  and  generally  supported  by  a  corbel* 
either  ol  a  head  or  a  flower,  &c.  There  are  frequently,  in  large 
buildings,  in  the  ornamented  parts,  bands  of  trefoils,  quatre- 
foils.  Sic.  some  of  them  very  rich.  Although  a  sort  of  straight 
canopy  is  used  over  some  of  the  niches  of  this  style,  yet  it 
does  not  appear  to  have  been  used  over  windows  or  doora. 
In  some  few  buildings  where  they  are  found,  they  appear  to 
be  additions.  The  tablets  forming  the  base  mouldings  ara 
sometimes  a  mere  slope,  at  others,  in  large  buildings,  are  of 
several  sets  of  mouldings,  each  face  projecting  farther  than 
the  one  above  it ;  but  the  reversed  ogee  is  very  seldom  used, 
at  least  at  large  and  singly. 

Earlj/  Etiglhh  Niches. 

The  most  important  niches  are  those  found  in  chancels,  lU' 
the  walls  of  the  south  side,  and  of  which  the  uses  do  not  yet 
appear  to  be  decided.  Of  these  there  are  many  of  all  stages , 
of  TEarly  English;  there  are  sometimes  two,  but  oftener  three, 
and  they  are  generally  sunk  in  the  wall,  and  adapted  foraseat*. 
the  easternmost  one  often  higher  in  the  eeat  tlian  the  otheist! 
They  are  sometimes  a  plain  trefoil  head,  and  sometimes  orna' 
mented  \iith  shafts.  Sic;  they  are  genernlly  straight-aidedi. 
The  statuary  niches,  and  ornamental  interior  niches,  mostly 
consist  of  a  series  of  arches,  souie  of  them  slope-sided,  and' 
some  with  a  small  but  not  very  visible  pedestal  for  the  statuv 
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They  are  often  grouped  two  under  one  arch,  with  an  ornamen- 
tal opening  between  the  small  arches,  and  the  large  one  like 
the  double  doors ;  a  straight-sided  canopy  is  sometimes  used, 
and  a  plain  finial.  These  niches,  except  the  chancel  stalls, 
and  the  stoup  and  piscina,  are  seldom  single,  except  in  but- 
tresses, but  mostly  m  ranges. 

Earljf  English  Ornaments, 

m 

The  first  ornament  to  be  described,  is  that  already  noticed 
as  the  peculiar  distinction  of  this  style,  to  which  it  seems 
nearly,  if  not  exclusively  confined ;  it  is  the  regular  progression 
from  the  Norman  zigzag  to  the  delicate  four-leayed  flowers  so 
common  in  Decorated  English  buildings.  Like  the  zigzag  it 
is  generally  straight-sided,  and  not  round  like  the  leaves  of  a 
flower,  though,  at  a  distance  in  front,  it  looks  much  like  a  small 
flower.  It  is  very  difficult  to  describe  it,  and  still  more  so  to 
draw  it  accurately;  it  may  perhaps  be  understood  by  consider- 
ing it  a  succession  of  small  open  pyramids  of  four  legs,  which 
are  formed  of  half  a  cube,  and  set  on  the  edges  of  a  hollow 
moulding.  This  ornament  is  used  very  profusely  in  the  build*^ 
ings  of  this  style,  in  Yorkshire  and  Lincolnshire,  and  frequently 
in  those  of  other  counties. 

Another  ornament,  which,  though  not  peculiar,  in  small 
works,  to  this  style,  was  seldom  but  during  its  continuance 
practised  to  so  large  an  extent;  this  is  the  filling  of  the  spaces 
above  the  choir  arches  with  squares,  enclosing  four-leaved 
flowers.  This  is  done  at  Westminster  and  at  Chichester,  in 
both  of  which  the  workmanship  is  extremely  good,  and  it  has 
a  very  rich  effect. 

In  many  parts,  as  in  the  spandrells  of  door  arches,  and  other 
plain  spaces,  circles  filled  with  trefoils  and  quatrefoils,  with 
flowered  points,  are  often  introduced.  In  the  early  part  of  the 
style,  crockets  were  not  used,  and  the  finial  was  a  plain  bunch 
of  three  or  more  leaves,  or  sometimes  only  a  sort  of  knob;  but' 
in  small  rich  works,  towards  the  end  of  the  style,  the  beauti- 
ful finials  and  crockets  of  the*  next  style  were  used. 

Early  English  Steeples. 

• 

The  Norman  towers  were  short  and  thick,  the  Early  English 
rose  to  a  much  greater  height,  and  on  the  tower  they  placed 
that  beautiful  addition  the  spire. 

Some  of  our  finest  spires  are  of  this  age,  and  the  proportions 
observed  between  the  tower  and  spire,  are  generally  very  good. 
Salisbury,  which  stands  unrivalled  in  height  and  beauty,  and 
Chichester,  are  of  this  age,  as  are  the  towers  of  Lincoln  mmster. 
Wakefield  has  a  fine  steeple, as  to  proportion,  though  plain,  and 
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H  is  singiilar  for  its  machicolations,  in  the  top  of  the  tower. 
tht  towers  are  flanked  by  octagonal  turrets,  square  flat  but- 
tresses,  or,  in  a  few  instances,  with  small  long  buttresses,  and 
generally  there  is  one  large  octagonal  pinnacle  at  the  corners, 
or  a  collection  of  smaller  niches,  8cc.  ^There  often  is  no  para- 
pet, but  the  slope  of  the  spire  runs  doifm  to  the  edge  of  the  wall 
of  the  tower,  and  finishes  there  with  a  tablet;  and  there  is  a 
double  slope  to  connect  the  corners  with  the  intermediate  faces. 
The  spire  is  often  ornamented  by  ribs  at  the  angles,  sometimes 
with  crockets  on  the  ribs,  and  bands  of  squares,  filled  with 

?uatrefoils,  8cc.  surrounding  the  spire  at  difierent  heights. 
!here  are  many  good  spires  of  this  style  in  country  churches. 
Of  this  style  we  have  the  great  advantage  of  one  Iniilding 
remaining^  worked  in  its  best  manner,  of  ereat  size  and  in  ex- 
cellent preservation ;  this  is  Salisbury,  which  cathedral  gives 
a  very  high  idea  of  improvement  on  the  Norman  style:  magni- 
ficent without  rudeness,  and  rich  though  simple,  it  is  one  uni- 
form whole.  The  west  front  is  ornamented,  out  by  no  means 
loaded,  and  the  appearance  of  the  north  side  is  perhaps  equal 
to  that  of  any  cathedral  in  England.  The  west  front  of  Lin- 
coln is  fine,  but  the  old  Norman  space  is  too  visible  not  to 
break  it  into  parts.  Peterborough  and  Ely  have  perhaps  the 
most  ornamented  fronts  of  this  style.  Westminster  is  spoiled 
by  additions,  but  its  north  transept  end  is  fine,  as  are  both 
the  transepts  of  York.  Interiorly,  after  the  simple  Salisbury, 
the  transepts  of  York  are  perhaps  the  best  specimens,  though 
there  are  parts*  of  many  other  Duildings  deserving  much  at- 
tention. 

Not  much  has  been  done  in  either  restoring  or  imitating  this 
style;  it  is  certainly  not  easy  to  do  either  well,  but  it  deserves 
attention^  as  in  many  places  it  would  be  peculiarly  appropriate, 
and  perhaps  is  better  fitted  than  any  for  small  country  churches. 
It  may  be  worked  almost  entirely  plain,  yet  if  ornament  is  used, 
it  should  be  well  executed ;  for  the  ornaments  of  this  style  are 
in  general  as  well  executed  as  any  of  later  date,  and  the  toothed 
ornament  and  hollow  bands  equal,  in  difficulty  of  execution,  the 
most  elaborate  perpendicular  ornaments. 

Of  the  Third,  or  Decorated  English  Style 

Decorated  English  Doors, 

The  large  doors  of  the  last  style  are  mostly  double,  and 
fhere  are  some  fine  ones  of  this,  but  they  are  not  so  common, 
there  being  more  single  doors,  which  are  often  nearly  as  large 
as  the  Early  English  double  ones,  and  indeed  but  for  the  orna- 
tttents  they  are  much  alike,  having  shafts  and  fine  hollon 
7— Vol.  I.  U 
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mouldings;  in  small  doors  there  are  often  no  shafts  at  all,  but 
die  arch  mouldings  run  down  the  side,  and  often  almost  to  the 
ground  without  a  base.  The  shafts  do  not  in  this  style  generally 
stand  free,  but  are  parts  of  the  sweep  of  mouldinge,  and  instead 
of^being  cut  and  set  up  lengthways,  all  the  mouldings  and 
shafts  are  cut  on  the  arch  stone,  thus  combining  great  strength 
with  all  the  appearance  of  lightness.  The  capitals  of  these 
shafts  differ  from  the  Early  English,  in  being  formed  of  a 
woven  foliage,  and  not  upright  leaves;  this,  in  small  shafbi, 
generally  has  an  apparent  neck,  but  in  larger  ones  often  ap- 
pears like  a  round  ball  of  open  foliage.  The  bases  to  these 
shafts  mostly  consist  of  the  reversed  ogee,  but  other  mouldings 
are  often  added,  and  the  ogee  often  made  in  faces.  Although 
the  doors  in  general  are  not  so  deeply  recessed,  as  the  Nor- 
man and  Earh'  English,  yet  in  many  lar^e  buildings  they  are 
very  deep.  The  west  doors  of  York,  and  the  later  west  aoors 
of  Beverley,  are  of  the  richest  execution,  and  very  deep.  To 
the  open  work  bands  of  the  last  siyUb,  succeeds  an  ornament 
equally  beautiful,  and  not  so  fragile ;  this  is  the  flowery  hol- 
low moulding;  there  are  often  three  or  four  in  one  door-way, 
and  to  the  toothed  ornament  succeeds  a  flower  of  four  leaves, 
in  a  deep  moulding,  with  considerable  intervals  between.  This 
flower,  m  some  buildings,  is  used  in  great  profusion  to  ffood 
effect,  and  a  perforated  ball  in  other  buildings  in  equal  abun- 
dance. Over  these  doors,  there  are  several  sorts  of  canopies; 
the  dripstone  is  generally  supported  by  a  corbel,  which  is 
commonly  a  head;  in  some  instances  a  plain  return  is  used, 
but  that  return  seldom  runs  horizontally.  The  canopy  is  some- 
times connected  with  the  dripstone,  and  sometimes  distinct. 
The  common  canopy  is  a  triangle,  the  space  between  it  and 
the  dripstone  is  filled  with  tracery,  and  the  exterior  ornament- 
ed with  crockets,  and  crowned  with  a  finial.  On  the  side  of 
the  doors,  small  buttresses  or  niches  are  sometimes  placed. 
The  second  canopy  is  the  ogee,  which  runs  about  half  up  the 
dripstone,  and  then  is  turned  the  contrary  way,  and  is  finished 
in  a  straight  line  running  up  into  a  finial.  This  has  its  inter- 
mediate space  filled  with  tracery,  &c.  and  is  sometimes  crock- 
eted  and  sometimes  not.  Another  sort  of  canopy  is  an  arch 
running  over  the  door,  and  unconnected  with  it,  which  is 
doubly  foliated;  it  has  a  good  effect,  but  is  not  common. 

In  small  churches,  there  are  often  nearly  plain  doors,  hav- 
ing only  a  dripstone  and  a  round  moulding  on  the  interior 
edge,  and  the  rest  of  the  wall  a  straight  line  or  bold  hollow, 
and  in  some  instances  a  straight  slope  side  only.  In  some 
doors  of  this  style,  a  series  of  niches  with  statues  are  carried 
up  like  a  hollow  moulding;  and  in  others,  doubly  foliated 
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tcery  hanging  free  from  one  of  the  outer  mouldings,  give 

.^'richness  superior  to  any  other  decoration.     Tiie  south  door 

|,«C  the  choir  at  Lincoln  is  perhaps  hardly  any  where  equalled 

if  the  first  kind;  and  the  west  doors  at  Beverley  are  good 

■lustrations  of  the  other.  , 

Decorated  Engiiak  Window*. 

In  these  the  clearest  marks  of  the  style  are  to  be  found, 
tad  they  are  very  various,  yet  all  on  one  principle :  an  arch  is 
divided  by  one  or  more  mullions,  into  two  or  more  lights,  and 
(bese  mullions  branch  into  tracery  of  various  figures,  but  do 
Hot  run  in  perpendicular  lines  through  the  head.'  In  small 
'  lurches,  wincfows  of  two  or  three  lights  are  common,  but  ia 
rg^ei- four  and  five  lights  for  the  aisles  and  clerestory  windows, 
"^ve  or  six  for  transepts  and  llie  end  of  aisles,  and  in  the  east 
jud  west  windows  seven,  eight,  apd  even  nine  lights,  are  used. 
^Ifine  lights  seem  to  be  the  extent,  but  there  may  be  windows 
of  this  style  containing  more.  The  west  window  of  York,  and 
the  east  window  of  Lincoln  cathedrals,  are  of  eight  lights  each; 
the  west  window  of  Exeter  cathedral  is  of  nine,  and  these  are 
nearly,  if  not  quite,  the  largest  windows  remaining. 

There  may  be  observed  two  descriptions  of  tracery,  and 
although,  in  different  parts,  they  may  have  been  worked  at  the 
e  time,  yet  the  first  is  generally  the  oldest.     In  this  first 
division,  the  figures,  such  as  circles,  trefoils,  quatrefoils,  Sec. 
~^e  all  worked  with  the  same  moulding,  and  sometimes  do  not 
;ularly  join  each  other,  but  touch  only  at  points.    This  may 
called  geometrical  tracery;  of  this  description  are  the  win- 
of  the  nave  of  York,  the  eastern  choir  of  Lincoln,  and 
of  the  tracery  in  the  cloisters  at  Westminster  abbey,  as 
il  as  most  of  the  windows  at  Exeter,  which  contains,  per- 
ipa,  the  richest  variety  of  windows  of  any  cathedral  in  Eng- 
land, and  some  of  them  are  of  such  admirable  workmanship  as 
to  almost  belong  to  the  second  division. 

The  second  division  consists  of  what  may  be  truly  called 
^fiotuing  tracery.  Of  this  description,  York  minster,  the  min- 
"ifter,  and  St,  Mary's,  at  Beverley,  Newark  church,  and  many 
;Borthern  churches,  as  well  aome  southern  churches,  contain 
most  beautiful  specimens.  The  one  engraved  is  from  the  west 
end  of  the  south  aisle  of  Newark,  and  is  perhaps  one  of  the 
most  beautiful  in  its  composition.  The  great  west  window 
at  York  is,  perhaps,  the  most  elaborate,  in  these  windows, 
various  wheels  are  sometimes  introduced.  In  the  richer 
windows  of  this  stylf,  and  in  both  divisions,  the  principal 
moulding  of  the  mtillion  has  lumetimes  a  capital  and  base. 
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and  thus  becomes  a  shaft.  One  great  cause  of  the  beauty 
of  fine  flowing  tracery,  is  the  intncacy  and  delicacy  of  the 
mouldings ;  t|ie  principal  moulding  often  running  up  only  one 
or  two  mullions,  and  forming  only  a  part  of  the  larger  design, 
and  all  the  small  figures  being  formed  in  mouldings,  which 
spring  from  the  sides  of  the  principal.  This  is  a  distinction 
the  plate  was  too  small  to  admit,  which  takes  much  from  the 
beauty  of  the  window.  The  architraves  of  windows  of  this 
style  are  now  much  ornamented  with  mouldings,  which  are 
sometimes  made  into  shafts*  The  dripstones  and  canopies  of 
windows  are  the  same  as  in  the  doors,  and  have  been  described 
under  that  head.  Wherever  windows  of  this  style  remain,  aa 
artist  should  copy  them ;  the  varieties  are  much  greater  than 
mijght  be  supposed,  for  i|t  is  very  difficult  to  find  two  alike  in 
dinerent  buildings. 

It  does  not  appear  that  the  straight  horizontal  transom  was 
much  if  at  all  used  in  win^pws  of  this  style ;  wherever  it  is 
found  there  is  generally  some  mark  of  the  window  originating 
after  the  introduction  of  the  perpendicular  style  ;  but  it  may 
have  been  used  in  some  places,  and  there  are  a*  very  few 
instances  of  a  light  being  divided  in  height  by  a  kind  of 
canopy,  or  a  quatrefoil  breaking  the  muHion ;  the  church  of 
Dorchester,  in  Oxfordshire,  has  some  very  curious  windows 
of  this  kind.  In  some  counties,  where  flint  and  chalk  are 
used,  the  dripstone  is  sometimes  omitted.  The  heads  of  the 
windows  of  this  style  are  most  commonly  the  equilateral 
arch ;  though  there  are  many  examples  both  of  lancet  and 
drop  arches ;  but  the  lancet  arches  are  not  very  sharp,  perhaps 
ncfVer  •  exceeding  one-third  of  the  equilateral.  There  are  a 
few  windows  of  this  style  with  square  heads ;  but  they  are 
not  very  common. 

The  circles  of  this  style  are  some  of  thera  very  fini*;  there 
are  some  very  good  ones  in  composition  at  Exeter  and  Cbi* 
Chester,  and  the  east  window  of  old  St.  Paul's  was  a  very  fin«' 
one ;  but  perhaps  the  richest  remaining  is  that  of  the  south 
transept  at  Lincoln,  which  is  completely  flowing. 

Towards  the  end  of  this  style,  and  perhaps  after  the  cottH 
menoement  of  the  next,  we  find  windows  of  most  beautifol 
composition,  with  parts  like  the  perpendicular  windows,  and 
sometimes  a  building  has  one  end  decorated,  the  other  per- 
pendicular:  such  is  Melrose  abbey,  whose  windows  have  been 
extremely  fine,  and,  indeed,  the  great  east  window  of  Yorky 
which  is  the  finest  perpendicular  window  in  England^  hail' 
still  some  traces  of  flowing  lines  in  its  head. 


ARCHITECTURE.  149 


Deoonled  Eagliih  arobaf— flen— Urttretset. 


Decoraied  English  Arches. 

Though  the  arch  most  commonly  used  for  general  purposes 
ia  this  style  is  the  equilateral  one,  yet  this  is  by  no  means  con- 
stant. At  York  this  arch  is  used,  but  at  Ely  a  drop  arch.  The 
architrave  mouldings  of  interior  arches  do  not  differ  much  from 
those  of  the  last  style,  except  that  they  are,  perhaps,  more  fre- 
auently  continued  down  the  pier  without  being  stopt  at  the 
line  of  capitals.  The  dripstones  are  of  delicate  mouldings, 
generally  supported  by  heads.  The  arches  of  the  galleries  are 
often  beautiuilly  ornamented  with  foliated^  heads,  and  oftem 
fine  canopies ;  and  in  these  arches  the  ogee  arch  is  sometimes 
used,  as  it  is  freely  in  composition  in  the  heads  of  windows. 

Or  this  style,  or  perhaps  of  the  next,  is  that  singular  yet 
beautiful  reversed  arch  in  the  nave  of  Wells'  cathedral. 

f 

Decoraied  English  Piers. 

A  new  disposition  of  shafts  marks  very  decidedly  this  style 
in  laree  buildings,  they  being  arranged  diamondwise,  with 
straight  sides,  oiten  containing  as  many  shafts  as  will  stand 
close  to  each  other  at  the  capital,  and  only  a  fillet  or  small 
hollow  between  them.  The  snaft  which  runs  up  to  support 
the  roof,  often  springs  from  a  rich  corbel  between  the  outer 
architrave  mouldings  of  the  arches ;  Exeter  is  a  fine  example. 
The  capitals  and  bases  of  these  shafts  are  much  the  same  as 
those  decribed  in  the  section  on  doors.  Another  pier  of  the 
richest  effect,  but  seldom  executed,  is  that  at  YorK  minster, 
where  the  centre  shaft  is  larger  than  those  on  each  side,  and 
the  three  all  run  through  the  spring  of  the  roof.  Three  also 
support  the  side  of  the  arch  ;  tnese  shafts  are  larger  in  propor- 
tion than  those  of  Exeter,  See.  and  stand  close  without  any 
moulding  between. 

Another  pier,  common  towards  the  end  of  this  style,  and  the 
beginning  of  the  next,  is  composed  of  four  shafts,  about  two- 
fifws  engaged,  and  a  fillet  and  bold  hollow  half  as  large  as  the 
shafts  between  each;  this  makes  a  very  light  and  beautiful 
pier,  and  is  much  used  in  smaller  churches.  All  these  kinds 
of  piers  have  their  shafts  sometimes  filleted,  asare  also  often 
some  of  the  architrave  mouldings.  In  small  country  churches, 
the  multangular  fiat-faced  pier  seems  to  have  been  used. 

Decorated  English  Buttresses. 

These,  though  very  various,  are  all  more  or  less  worked  m 
stages,  and  the  set-off's  variously  ornamented,  some  plain, 
isome  moulded  slopes,  some  with  triangular  heads,  and  some 
with  pannels;  some  with  niches  in  them,  and  with  all  the 
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various  degrees  of  ornament.  The  corner  buttresses  of  this 
style  are  often  set  diagonally.  In  some  few  instances  small 
turrets  are  used  as  buttresses.  The  buttresses  are  variously 
finished,. some  slope  under  the  cornice,  some  just  through  it; 
some  run  up  through  the  battlement,  and  are  finished  with 
pinnacles  of  various  kinds. 

Decorated  English  Tablets. 

The  cornice  is  very  re^lar,  and  though  in  some  large  build- 
ings it  has  severa^  mouldings,  it  principally  consists  of  a  slope 
above,  and  a  deep  sunk  hollow,  with  an  astragal  under  it ;  in 
these  hollows,  flowers  at  regular  distances  are  often  placed, 
and  in  some  large  buildings,  and  in  towers,  8cc.  there  are  fre^ 

Juently  heads,  and  the  cornice  almost  filled  with  them.  The 
ripstone  is  of  the  same  description  of  mouldings,  but  smaller, 
ana  this  too  is  sometimes  enriched  with  flowers.  The  small 
tablet  running  under  the  window  has  nearly  the  same  mould- 
ings, but  mostly  without  the  astragal,  and  this  sometimes 
runs  round  the  buttress  also.  The  dripstone  very  seldom,  if 
ever,  runs  horizontally,  though  in  a  few  instances  a  return  is 
used  instead  of  the  more  common  corbel  head  or  shield. 

The  basement  tablets  are  sometimes  numerous,  and  often 
have  the  reversed  ogee  repeated. 

Decorated  English  Niches. 

These  form  one  of  the  greatest  beauties  of  the  style,  and 
are  very  various,  but  may  be  divided  into  two  grand  divisions, 
which,  if  necessary*  mieht  be  again  variously  divided,  such 
is  their  diversity,  but  tnese  two  may  be  sufficient.  The  first 
are  pannelied  niches,  the  fronts  of  whose  canopies  are  even 
with  the  face  of  the  wall  or  buttress  they  are  set  in.  These 
have  their  interiors  either  square  with  a  sloping  side,  or  are 
regular  semi-hexagons,  &c.  In  the  first  case,  if  not  very 
deep,  the  roof  is  a  plain  arch,  but  in  the  latter  case  the 
root  is  often  mo&t  delicately  groined,  and  sometimes  a  little 
shaft  is  set  in  the  angles  or  the  ribs  of  the  roof,  supported 
by  small  corbels.  The  pedestals  are  often  high  and  much 
ornamented. 

The  other  division  of  niches  have  projecting  canopies ;  these 
are  of  various  shapes,  some  conical  like  a  spire,  some  like 
several  triangular  canopies  joined  at  the  edges,  and  some  with 
ogee  heads;  and  in  some  very  rich  buildings  are  niches -with 
the  canopy  bending  forwards  in  a  slight  ogee,  as  well  as  its 
contour  oein^  ogee  ;  these  are  generally  crowned  with  very 
large  rich  finials,  and  very  highly  enriched.  There  were  also, 
at  the  latter  part  of  this  style,  some  instances  of  the  niche  with 
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a  flat-headed  canopy,  i;vhich  became  so  common  in  the  next 
style.  These  projecting  niches  have  all  some  projecting  base, 
either  a  large  corbel,  oi  a  basement  pedestal  carried  up  from 
the  next  projecting  face  below.  All  these  niches  are  occasion  • 
ally  flanked  by  small  buttresses,  and  their  pinnacles;  those  of 
the  first  kind  have  very  often  beautiful  shafts. 

The  chancel  stalls  of  this  style,  are  many  of  them  uncom- 
monly rich,  their  whole  faces  being  often  covered  with  ori\a- 
mental  carving 

Decorated  English  Ornaments. 

As  the  word  decorated  is  used  to  designate  this  style,  and 
particularly  as  the  next  is  often  called  florid,  as  if  it  were 
richer  in  ornament  than  this,  it  will  be  necessary  to  state, 
that  though  ornament  is  often  profusely  used  in  this  style, 
yet  these  ornaments  are  like  Grecian  enrichments,  and  may 
be  left  out  without  destroying  the  graitd  design  of  the  build- 
ing, while  the  ornaments  of  the  next  are  more  often  a  minute 
division  of  parts  of  the  building,  as  pannels,  buttresses,  &c. 
rather  than  the  carved  ornaments  used  in  this  style.  In 
some  of  the  more  magnificent  works,  a  variety  of  flowered 
carvings  are  used  all  over,  and  yet  the  building  does  not 
appear  overloaded ;  while  some  of  the  later  perpendicular 
buildings  have  much  less  flowered  carvings,  yet  look  over- 
loaded with  ornaments,  from  the  fatiguing  recurrence  of 
minute  parts,  which  prevent  the  general  design  being  com- 
prehended. 

The  tomb  of  the  Percys  at  Beverley,  anS  one  or  two  at  York, 
are  as  rich  as  can  well  be  conceived  in  orname:.^-al  carvings, 
yet  the  general  design  is  noble,  and  may  be  clearly  understood, 
while  the  design  of  Henry  the  VII.'s  chapel  can  hardly  be 
comprehended,  from  the  constant  repetition  of  the  same  orna- 
ments, which,  if  worked  singly,  are  not  very  rich. 

The  flower  of  four  leaves  in  a  hollow  moulding,  has  already 
been  spoken  of,  and  in  these  hollow  mouldings  various  other 
flowers  are  introduced,  as  well  as  heads  and  figures,  some  of 
them  very  grotesque;  and  as  to  capitals,  there  are  very  seldom 
found  two  alike.  The  foliage  forming  the  crockets  and  finials 
is  also  extremely  rich,  and  the  pinnacle,  in  its  various  forms, 
18  almost  constantly  used.  The  spandrells  of  ornamentni 
arches  are  sometimes  filled  with  beautiful  folinge,  perhaps  few 
superior  to  some  in  the  church  at  Ely,  which  \^'as  the  lady 
ehapel  of  the  cathedral. 

Decorated  English  Steeples. 

Of  this  style  are  many  of  these  beautiful  ornaments  of  the 
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country;  at  the  commencement  of  it,  several  fine  spires  were 
added  to  towers  then  existing,  and  in  after  times  many  very 
fine  towers  and  spires  were  erected.  Grantham  and  several 
other  Lincolnshire  spires  are  very  fine,  and  there  are  many 
good  towers.  These  are  generally  flanked  with  buttresses^ 
many  of  which  are  diagonal,  and  are  generally  crowned  with 
fine  pinnacles.  Perhaps  the  church  of  St.  Michael,  at  Co- 
ventry, is  as  elegant  a  spire  and  tower  as  any  of  this  age,  and 
is 'curious,  from  the  spire  standing  on  a  lantern  above  the 
tower.  In  Lincolnshire  and  some  of  the  adjoining  counties, 
there  are  many  village  churcnes  with  fine  spires,  and  some'  of 
this  style ;  of  these,  perhaps  few,  if  any,  exceed  in  beauty  of 

[>roportion  and  delicacy  ot  composition  that  of  Norton,  a  vil- 
age  in  Leicestershire,  a  few  miles  to  the  left  of  the  road  from 
Uppingham  to  Leicester.*' The  singular  crowned  steeple  of 
St.  Nicholas,  at  Newcastle  upon  Tyne,  is  either  of  this  style 
or  early  in  the  next. 

There  are  many  of  the  towers  of  this  age  whose  windows, 
or  at  least  the  muliions,  seem  to  have  been  renewed  in  the 
perpendicular  Btyle,  and  indeed,  in  sm^l  churches,  it  is  not 
always  easy  precisely  to  fix  the  style  oi  the  tower  because  of 
these  alterations. 

Although  they  have  some  appearances  of  the  windows  which 
belong  to  the  next  style,  yet  to  this  age  should  be  referred  the 
towers  of  York  minster,  which  possess  uncommon  beauty. 

Though  we  have  not  the  advantage  of  any  one  large  build- 
ing of  this  style  in  its  pure  state,  like  Salisbury,  yet  we  have 
the  advantage  of  four  most  beautiful  models,  which  are  in  the 
highest  preservation,  besides  many  detached  parts.  These 
are  at  Lincoln,  Exeter,  York,  and  £ly,  and  though  differently 
worked,  are  all  of  excellent  execution.  Of  these,  Exeter  and 
York  are  far  the  largest,  and  York,  from  the  uncommon  gran- 
deur and  simplicity  of  the  design,  is  certainly  the  finest;  orna- 
ment is  no  where  spared,  yet  there  is  a  simplicity  which  is 
peculiarly  pleasing.  Amongst  the  many  smaller  churches. 
Trinity  church  at  Hull  deserves  peculiar  notice,  as  its  deco* 
rated  part  is  of  a  character  whicn  could  better  than  any  be 
imitated  m  modern  work,  from  the  great  height  of  its  piera« 
alid  the  smallness  of  their  size.  The  remains  of  Melrose  ab- 
bey are  extremely  rich,  and,  though  in  ruins,  its  parts  are  yet 
very  distinguishable.  In  imitations  of  this  style,  great  deli- 
cacy is  required  to  prevent  its  running  into  the  next,  which» 
from  its  straight  perpendicular  and  horizontal  lines,  is  to 
much  easier  worked ;  whatever  ornaments  are  used,  should  be 
very  cleanly  executed,  and  highly  finished. 
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Of  the  Fourth,  or  Perpendicular  Style. 
Perpendicular  Engliik  Doors. 
nil  iiiipresBion  from  an  engraving  of  a  perpendicular  doon  I 
ring  been  given  on  the  cover  of  several  numbers  of  ihiM*] 
^voi'li.otirreadersmiist,  by  this  time,  be  well  acquainted  with  itir  1 
A  copy  is  iinuexed,  for  the  puipose  of  permanent  reference^  I 
with  the  other  plates.     It  has  been  drawn  to  convey  as  dia*i  I 
tinct  an  idea  as  possible  of  the  character  of  the  generality  off  J 
these  doors,  the  great  distinction  of  which,  from  those  of  thsx  f 
last  style,  is  the  almost  constant  square  head  over  the  arch^i  f 
which  is  surrounded  by  the  outer  moulding  of  the  arcliitravejirl 
and  the  spandrell  filled  with  some  ornament,  and  o\er  all  %  r 
dripstone  is  generally  placed.     This  ornamented  (tpundrell  iaj  I 
a  Gqunre  head,  occurs  in  the  porch  to  Westminster  Hall,  onsi  I 
of  the  earliest  perpendicular  buildings,  and  is  continued  to  Utft  ] 
latest  period  of  good  execution,  and  in  a  rough  way  mucl)^  I 
later.    In  large  very  rich  doors,  a  canopy  is  sometimes  inciud-H 
ed  in  this  scuare  head,  and  sometimes  niches  are  added  at  tlt«r> 
sides,  as  at  King's  college  chapel,  Cambridge.     This  squarei 
head  is  not  always  used  interiorly,  for  an  ogee  canopy  is  some- 
times used,  or  panilels  down  to  the  arch,  as  at  St.  George's, 
Windsor;  and  there  may  be  some  small  exterior  side  doors, 
without  the  square  head,  but  they  are  not  common.    The  shatls 
used  in  these  doors  are  small,  and  have  plain  capitals,  which 
are  often  octagonal,  and  the  bases  made  so  below  the  Hrst  a*-.. 
tragal.     It  is  also  very  common  for  the  architrave  to  consist  a 
ogee  mouldings,  as  well  as  the  rounds  and  hollows  which  hav«r.  J 
been  before  used. 

Perpendicular  English  Witidowi. 
'hese  are  easily  distinguished  by  their  muUions  running  il^ 
irpe&dicular  lines,  and  the  transoms,  which  are  now  genentl^^ 
le  varieties  of  the  last  style  were  in  the  disposition  of  the, 
principal  lines  of  the  tracery;  in  this,  they  are  rather  in  the. 
disposition  of  the  minute  parts,  a  window  of  four  or  more; 
lights  ia  generally  divided  into  two  or  three  parts  by  stronger 
uiuUions  running  quite  up,  and  the  portion  of  arch  between 
them  doubled,  from  the  centre  of  the  side  division.     In  large 
windows,  the  centre  one  is  again  sometimes  made  an  arch,  on^ 
often  in  windows  of  seven  or  nine  lights,  the  arches  spriQ|| 
across,  making  two  of  four  or  live  lights,  and  the  centre  ba^_ 
longing  to  each.     The  heads  of  windows,  instead  of  bein^  j 
filled  witli  flowing  ramifications,  have  slender  muUions  runnii^  1 
from  the  heads  of  the  lights,  between  each  principal  mullion^j 
and  these  have  small  transoms  tJII  the  window  is  divided  idIa  J 
?.— Vol.1.  \  ^ 
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a  series  of  small  pannels;  and  the  heads  being  arched,  are  tre- 
foiled  or  cinqueioiled ;  sometimes  these  small  mullions  are 
crossed  over  each  other  in  small  arches,  leaving  minute  qua- 
trefoils,  and  these  are  carried  across  in  straight  lines.  Under 
the  transom  is  generally  an  arch  of  some  kind,  but  in  York- 
shire, Lincolnshire,  and  Nottinghamshire,  and  perhaps  in  some 
other  parts,  there  is  a  different  mode  of  foliating-  the  straight 
line  without  an  arch,  which  has  a  singular  appearance,  (see 
plate  I.)  In  the  later  windows  of  this  style,  the  transoms  are 
often  ornamented  with  small  battlements,  which,  when  well 
executed,  have  a  very  fine  effect.  Amidst  so  great  a  variety 
of  windows,  (for  perhaps  full  half  the  windows  in  Englisn 
edifices  over  the  kingdom  are  of  this  style,)  it  is  difficult  wnich 
to  notice;  but  Windsor,  St.  George's,  for  four  lights,  and  the 
clerestory  windows  of  Henry  the  V  II.'s  chapel  for  five,  are  some 
of  the  best  executed ;  for  a  large  window,  the  east  window  of 
York  has  no  equal,  and  by  taking  its  parts,  almost  any  sized 
window  may  be  formed.  There  are  some  good  windows,  of 
which  the  heads  have  the  mullions  alternate,  that  is,  the  per- 

Eendicular  line  rises  from  the  top  of  the  arch  of  the  pannel 
elow  it.     The  windows  of  the  Abbey  church,  at  Bath,  are  of 
this  description. 

It  is  necessary  here  to  say  a  little  of  a  window  which  may  be 
mistaken  for  a  decorated  window :  this  is  one  of  three  lights, 
used  in  many  country  churches,  the  mullions  simply  cross  each 
other,  and  are  cinquefoiled  in  the  heads,  and  quatrefoiled  in 
the  three  upper  spaces ;  but  to  distinguish  this  from  a  decorated 
window,  it  will  generally  be  necessary  to  examine  its  arch,  its 
mullion  mouldings,  and  its  dripstone,  as  well  as  its  being  (as 
it  often  is)  accompanied  by  a  clearly  perpendicular  window  at 
the  end,  or  connected  with  it  so  as  to  be  evidently  of  that  time. 
Its  arch  is  very  often  four-centred,  which  at  once  decides  its 
date ;  its  mullion  mouldings  are  often  small,  and  very  delicately 
worked ;  its  dripstone  oflen  has  some  clear  mark,  and  when  the 
decorated  tracery  is  become  familiar,  it  will  be  distinguished 
by  its  being  a  mere  foliation  of  a  space,  and  not  a  flowing 
quatrefoil  with  the  mouldings  carried  round  it. 

Large  circular  windows  do  not  appear  to  have  been  in  use 
in  this  style;  but  the  tracery  of  the  circles  in  the  transepts  of 
Westminster  abbey  appear  to  have  been  renewed  during  this 
period.  At  Henry  the  YII.'s  chapel,  a  window  is  used  in  the 
aisles,  which  seem  to  have  led  the  way  to  that  wretched  sub- 
stitute for  fine  tracery,  the  square-headed  windows  of  queen 
Elizabeth  and  king  James  the  First's  time.  This  window  is  a 
series  of  small  jpannels  forming  a  square  head,  and  it  is  not  flat, 
bnt  in  projections,  and  these,  with  the  octagonal  towers  }i,ntA 


ARCHITECTURE.  155 

PcrpBudicolar  English  irchfli — pjtn* 

T  buttresses,  throw  the  exterior  of  the  building  into  fritter,  ill- 
ig  with  the  richness  of  the  clerestory  windows.  In  most 
f  the  later  buildings  of  this  style,  the  window  and  its  arcbi- 
fave  completely  fillti  up  the  space  between  the  buttresses,  and 
Jie  east  and  west  windows  are  often  very  large  ;  the  west  win- 
low  of  St.  George's,  Windsor,  has  fifteen  lights  in  three  divi- 
iB,  and  is  a  grand  series  of  pannels,  from  the  door  to  tht 
toof ;  the  door  is  amongst  the  lower  ones,  and  alt  above  the 
leift  to  the  door  is  pierced  for  the  window.  The  east  window 
t  Gloucester  is  also  very  large,  but  that  is  of  three  distinct 
nrts,  not  in  the  same  line  of  plan. 

When  canopies  are  used,  which  is  not  so  often  us  in  the 
ut  style,  tiiey  are  generally  of  the  ogee  character,  beautifully 
Pocketed. 

Perpendicular  EiiglUh  Arches. 

Although  the  four-centred  arch  is  much  used,  particularly 
in  the  latter  port  of  the  style,  yet,  as  in  all  the  other  styles,  we 
'  ave  in  this  also  arches  of  almost  all  sorts  amongst  the  orna- 
lental  parts  of  niches.  See.  and  in  the  composition  lines  of 
Iftnnels.  are  arches  from  a  very  line  thin  lancet  to  an  almost 
tbt  segment.  Yet.  with  all  this  variety,  the  four-ceutrtd  arch 
s  the  one  most  used  in  large  buildings,  and  the  arches  of  other 
Characters,  used  in  the-division  of  the  aisles,  begin  to  have 
What  is  one  of  the  great  distinctions  of  this  style, — the  almost 
Constant  use  of  mouldings  running  from  the  base  all  round  the 
|rch,  without  any  stop  borizontany,  by  way  of  capital,  some- 
mes  with  one  shaft  and  capital,  and  the  rest  of  the  lines  run- 
Thc  shafts  in  front  running  up  without  stop  to  the  roof. 
Bid  from  their  capitals  springing  the  groins.  Inwindow  arches, 
■■  "  ire  now  very  seldom  used,  the  architrave  running  all 
iiud  both  window  arches  and  the  arches  of  the  interior 
often  enclosed  in  squares, with  ornamented  spandrels, either 
libe  the  doors,  or  of  pannelling.  Interior  arches  have  now  sel- 
dom any  dripstone  when  the  square  is  used,  but  at  Bath  there 
'^a  clear  dripstone  distinct  from  the  arch  mouldings. 

Another  great  distinction  of  these  arches,  in  large  buildings, 
*  the  absence  of  the  triforium  or  gallery,  between  the  arches  of 
lie  nave  and  the  clerestory  windows;  their  place  is  now  sup- 
lied  by  pannels,  as  at  St.  George's,  Windsor,  or  Statuary 
Inches,  as  at  Henry  the  VII. 's  chapel;  or  they  are  entirely 
Iremoved,  as  at  Bath,  and  Manchester  Old  church,  8co. 
Perpendicular  English  Piers. 
The  massive  Norman  round  pier,  lessened  in  size  and  ex- 
tended in  length. with  shafts  set  round  it,  became  the  Early  £n^- 
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Ush  pier;  the  shi^  were  multiplied  and  set  into  the  fiice  of 
the  pier,  which  became,  in  its  plan,  lozenge,  and  formed  the 
decorated  pier;  we  now  find  the  pier  again  altering  in  shape, 
becoming  much  thinner  between  the  arches,  and  its  proportion 
the  other  way,  from  the  nave  to  the  aisle,  increased  by  having 
those  shafts  which  run  to  the  roof,  to  support  the  springinn 
of  the  groins,  added  in  front,  and  not  forming  a  part  of  tho 
mouldings  of  the  arch,  but  having  a  bold  hollow  between  them: 
this  is  particularly  apparent  at  King's  college  chapel.  Cam* 
bridge,  St.  George's,  Windsor,  and  Henry  the  VIL's  chapel, 
the  three  great  models  of  enriched  perpendicular  style;  but 
it  is  observable  in  a  less  degree  in  many  others,  in  small 
churches,  the  pier  mentioned  in  the  last  style,  of  four  shafits 
and  four  hollows,  is  still  much  used;  but  many'Small  churches 
have  humble  imitations  of  the  magnificent  arrangement  of  shafts 
and  mouldings  spoken  of  above.  There  are  still  some  plain 
octagonal,  &c.  piers,  in  small  churches,  which  may  belong  to 
this  age. 

Though  filleted  shafts  are  not  so  much  used  as  in  the  last 
style,  the  exterior  moulding  of  the  architrave  of  interior  arches 
is  sometimes  a  filleted  round,  which  jj^as  a  good  effect ;  and  in 
general  the  mouldings  and  parts  of  piers,  architraves,  &c.  ars 
much  smaller  than  those  used  in  the  last  style. 

Perpendicular  Jlnglish  Buttresses. 

These  differ  very  little  from  those  of  the  last  style,  except 
that  triangular  heads  to  the  stages  are  much  less  used,  the  set 
off%  being  much  more  often  bold  projections  of  plain  slopes  { 
yet  many  fine  buildings  have  the  triangular  heads.    In  the  up* 

!»er  story,  the  buttresses  are  often  very  thin,  and  of  diagonal 
aces.  There  are  few  large  buildings  of  this  style  without  fiyinff 
buttresses,  and  these  are  often  pierced;  at  Henry  VII.'s  chapel 
they  are  of  rich  tracery,  and  the  buttresses  are  octagonal  turrets. 
At  King's  college  chapel.  Cam  bridge,  which  has  only  one  height 
within,  the  projection  of  the  buttresses  is  so  great  as  to  allow 
chapels  between  the  wall  of  the  nave  and  another  level  with  the 
front  of  the  buttresses.*  At  Gloucester,  and  perhaps  at  some 
other  places,  an  arch  or  half  arch  is  pierced  in  the  lower  part 
of  the  buttress  There  are  a  few  buildings  of  this  style  without 
any  buttresses.  All  the  kinds  are  occasionally  ornamented  with 
statuary  niches,  aod  canopies  of  various  descriptions,  and  the 
diagonal  comer  buUress  is  not  so  common  as  in  the  last  style; 
but  the  two  buttresses  often  leave  a  square,  which  runs  up, 
and  sometimes,'  as  at  the  tower  of  the  Old  church  at  Manches- 
ter, is  crowned  with  a  third  pinnacle. 

Although  pinnacles  are  used  very  freely  in  this  style,  j& 


there  are  some  buildings  whose  buttiesses  run  up  und  6niah 
square  without  any;  of  this  description  is  St.  Georae's,  Wind* 
Bor.     The  buttresses  of  the  small  eastern  addition  at  PeteiM  I 
borough  cathedral  are  curious,  having  statues  of  saints  fog  I 
pinnacles.  .[  ] 

In  iiitctior  ornainents,  the  buttresses  used  are  sometime*  [ 
sraall  octagons,  sometimea  pannelled,  sometimeB  plain,  and  J 
then,  as  well  as  the  small  buttresses  of  nicbes,  are  often  band»  1 
ed  with  a  band  different  from  the  Early  English,  and  mu^  I 
broader.  Such  are  the  buttnesses  between  the  doors  of  Henrjfl 
the  VJL's  chapel.  '■ 

Perpendicular  English  Tablets.  ,  ■ 

'he  cornice  is  now,  in  large  buildings,  often  composed  of  4 
small  mouldings,  sometimes  divided  by  one  ortwo  consM'l 
Ib  hollows,  not  very  deep;  yet  still,  in  plain  buildings,  th»  1 
old  cornice  mouldings  are  much  adhered  to;  but  it  is  oftener  ' 
ornamented    in  the  hollow  with  Howers,  &.c.  and  GometimAcI 
with  grotesque  animals ;  of  this  the  churches  of  Gresford  andt  ] 
Mold,  in  Flintshire,  are  curious  examples,  being  a  comp1efe#' 
chase  of  cats,  rats,  mice,  dogs,  and  a  variety  of  imagmai^ 
figures,  amongst  which  various  grotesque  monkeys  are  very  ^ 
conspicuous.     In  the  latter  end  of  the  style,  something  very  m 
analogous  to  an  ornamented  frieze  is  perceived,  of  which  the  I 
canopies  to  the  niches,  in  various  works,  are  examples ;  and  thai  i 
angels  so  profusely  introduced,  in  the  later  rich  works, ; 
sort  of  cornice  ornaments.    These  are  very  conspicuous  at  Sbt4 
George's,  Windsor,  and  Henry  the  VI I, 'a  chapel.    At  Bath  ias^ 
cornice  of  two  hollows,  and  a  round  between  with  fillets,  botV  | 
upper  and  under  surface  alike.    The  dripstone  of  this  style 
in  the  heads  of  doors  and  some  windows,  much  the  same  a 
in  the  last  style,  and  it  most  generally  finishes  by  a  plain  r*- 
turn;  thougb  corbels  are  sometimes  used,  this  return  is  frfl 
quently  continued  horizontally.     Sometimes  a  much  smallei 
dripstone  is  used,  of  only  a  round  and  hollow. 

Tablets  under  the  windows  are  like  this  last  or  other  drip*f 
stone,  and  sometimes  fine  bands  are  carried  round  as  tableM;;^ 
Of  these  there  are  some  6ne  remains  at  tlie  cathedral,  and  8^1 
the  tower  of  St  John's,  Chester. 

The  basement  mouldings  ordinarily  used  are  not  materialli 
different  from  the  last  style  ;  reversed  ogees  and  hollows,  varf 
ously  disposed,  being  the  principal  mouldings. 

Perpendicular  English  Niches. 
These  are  very  numerous,  as  amongst  them  we  must  include 
ply  all-ttu  atall,  taberoacU,  and  acreeo  work,  in  the  EnglUb 
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churches;  for  there  appears  little  if  any  wood-work  of  an  older 
date,  and  it  is  probable  that  much  screen  work  was  defaced  at 
liie  reformation,  and  restored  in  queen  Mary's  time,  and  not 
again  destroyed,  at  least  the  execution  of  much  of  it  would 
lead  to  such  a  supposition,  being  very  full  of  minute  tracery^ 
and  much  attempt  at  stiffly  ornamented  friezes.  Many  niches 
are  simple  recesses,  with  rich  ogee  canopies,  and  others  have 
overhanging  square^headed  canopies,  with  many  minute  but- 
tresses and  oinnacles,  crowned  with  battlements;  or,  in  the 
latter  part  of  the  style,  with  wh^  has  been  called  the  Tudor  . 
flower,  an  ornament  used  insteaa  of  battlement,  as  an  upper 
finish,  and  profusely  strewed  over  the  roofs,  &c.  of  the  richer 
later  buildings.  Of  these  niches,  those  in  Henry  the  VII.'s  cha- 
pel, between  the  arches  and  clerestory  windows,  are  perhaps 
as  good  a  specimen  as  any.  Of  the  plain  recesses,  with  ogee 
canopies,  there  are  some  fine  ones  at  Windsor. 

'The  whole  interior  of  the  richer  buildings  of  this  style,  is 
more  or  less  a  series  of  pannels,  and  therefore,  as  every  pan- 
nel  may»  on  occasion,  become  a  niche,  we  find  great  variety 
of  shape  and  size ;  but  like  those  of  the  last  style,  they  may 
generally  be  reduced  to  one  or  other  of  these  divisions. 

Perpendicular  English  Ornaments. 

The  grand  source  of  ornament,  in  this  style,  is  pannelling . 
mdeed,  the  interior  of  most  rich  buildings  is  only  a  eenend 
series  -of  it ;  for  example.  King's  college  chapel,  Cambridge, 
is  all  panuel  except  the  floor ;  for  the  doors  and  windows  are 
nothing  but  pierced  pannels  included  in  the  general  desira, 
and  the  very  roof  is  a  series  of  them  of  different  shapes.  Ine 
same  may  be  said  of  the  interior  of  St.  George's,  Windsor, 
and  still  further,  Henry  the  VII.'s  chapel  is  so  both  within  and 
without,  there  being  no  plain  wall  all  over  the  chapel,  except 
just  the  exterior  below  the  base  moulding,  all  above  is  orna- 
mental pannel.  All  the  small  chapels  of  late  erection,  in  this 
style,  such  as  those  of  Bishop  Fox  at  Winchester,  and  several 
in  Windsor,  are  thus  all  pierced  pannel.  Exclusive  of  this 
general  source  of  ornament,  there  are  a  few  peculiar  to  it: 
one,  the  battlement  to  transoms  of  windows,  has  already  been 
mentioned ;  this,  in  works  of  late  date,  is  very  frequent,  some- 
times extending  to  small  transoms  in  the  head  of  the  window, 
as  well  as  the  general  division  of  the  lights.  Another,  the 
Tudor  flower,  is,  in  rich  work,  equally  common,  and  forms  a 
most  beautiful  enriched  battlement,  and  is  also  sometimes 
used  on  the  transoms  of  windows  in  small  work.  Another 
peculiar  ornament  of  this  style,  is  the  angel  cornice,  used  at 
Windsor  and  Henry  tlie  VII.'s  chapel;  but  though  according 


with  the  character  of  those  buildings,  it  is  by  no  means  fit 
for  general  use.     These  augels  Lave  been  much  disused,  ! 
supporters  ofEhieldE,  and  as  corbels  to  support  roof  beams,! 
S(c.     Plain  at  the  Abbey-church  at  Bath  is  in  its  eeuersll 
execution,  it  has  a  variety  of  angels  as  corbels,  fur  diflereot  J 
purposes. 

Flo^vers  of  various  kinds  continue  tD  ornament  cornices,  &e>ll 
and  crockets  were  variously  formed  towards  the  end  of  thfti 
style,  those  of  pinnacles  were  often  very  much  projected,  which  J 
has  a  disagreeable  effect;  there  are  many  of  tiiese  pinnacles  s' 
Oxford,  principally  worked  in  the  decline  of  the  style. 

Perpendicular  English  Steeples. 

Of  these  there  remsiin  specimens  of  almost  every  descrip- 
in,  from  the  plain  short  tower  of  a  country  church,  to  the 
elaborate  and  gorgeous  towers  of  Gloucester  and  Wrexham. 
There  are  various  fine  spires  of  this  style,  which  bare  little 
distinction  from  those  of  the  last,  but  their  age  may  be  gene- 
rally known  by  their  ornaments,  or  the  towers  supporting  them. 
AhiCost  every  conceivable  variation  of  buttress,  battlement, 
and  pinnacle,  is  used,  and  the  appearance  of  many  of  the 
towers  combines,  in  a  very  eminent  degree,  extraordinary 
richness  of  execution  and  grandeur  of  design.  Few  counties 
in  England  are  without  some  good  examples;  besides  the  two 
already  mentioned,  Boston  in  Lincolnshire,  All-Saints  in 
TJerby,  St.  Mary's  at  Taunton,  St.  George's,  Doncaster,  are 
celebrated ;  and  the  plain,  but  excellently  proportioned,  tower 
of  Magdalen  college,  Oxford,  deserves  much  attention. 

Amongst  the  smaller  churches,  there  are  many  towers  of 
uncoWaon  beauty,  but  few  exceed  Gresford,  between  Chester 
and  Wrexham;  indeed,  the  whole  of  this  church,  both  interior 
and  exterior,  is  worth  attentive  examination.  Paunton,  near 
Grantham,  has  also  a  tower  curious  for  its  excellent  masonry. 
There  are  of  this  style  some  small  churches  with  fine  octa- 
gonal lanterns,  of  which  description  are  two  in  the  city  of 

jTork. 

B         Miscellaneous  Remarks  on  Perpendicular  Buildings. 

^   or  this  style  are  so  many  buildings  in  the  finest  preserva* 

{ion,  that  it  is  difEcult  to  select;  but,  on  various  accounts, 

several  claim  particular  mention.    The  choir  at  York  is  one  of 

the  earliest  buildings  ;  indeed  it  is,  in  general  arrangements, 

l^ke  the  nave,  but  its  ornamental  parts,  the  gallery  under  the 

lows,  the  windows  themselves,  and  much  of  its  pannelling 

t  the   interior,  are  completely  of  perpendicular  character, 

[giigh  the  simple  nobility  of  the  piers  is  the  same  as  the 
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nave.  The  choir  of  Gloucester  is  also  of  this*  style,  and  most 
completely  so,  for  the  whole  interior  is  one  series  of  open- 
work pannels  laid  on  the  Norman  work,  parts  of  which  are  cot 
away  to  receive  them ;  it  forms  a  very  ornamental  whole,  but 
by  no  means  a  model  for  imitation. 

Of  the  later  character,  are  three  most  beautiful  specimens. 
King's  college  chapel, "Cambridge,  Henry  the  VII.  s  chapel, 
and  St.  George's,  Windsor  ;  in  these,  richness  of  ornament  is 
lavished  on  every  part,  and  they  are  particularly  valuable  for 
being  extremely  different  from  each  other,  thougn  in  many  re- 
spects alike.  Of  these,  undoubtedly  St.  George's,  Windsor, 
is  the  most  valuable,  from  the  great  variety  of  composition 
arising  frpm  its  plan;  but  the  roof  and  single  line  of  wall^  of 
King's  college  cnapel,  Cambridge,  deserves  great  attention, 
and\he  detaus  of  Henry  the  Vlf.'s  chapel  will  always  com- 
mand it,  from  the  great  delicacy  of  their  execution. 

Of  small  churches,  there  are  many  excellent  models  for  imi- 
tation, so  that  in  this  style,  with  some'  care  and  examination, 
nothing  hardly  need  be  executed  but  from  absolute  authority. 
The  monumental  chapels  of  this  style  are  peculiarly  deserving 
attention,  and  often  of  the  most  elaborate  workmanship. 

Of  Battlements. 

Having  now  gone  through  the  styles  in  detail,  we  come  to 
those  sections  which,  as  before  mentioned,  it  is  necessary  to 
give  in  a  connected  series. 

From  exposure  to  weather  and  various  accidents,  we  find 
x'ery  lew  roofs  in  their  original  state,  and  from  the  vicinity  of 
the  battlement,  &c.  we  find  these  also  are  very  often  not  origi- 
nal. It  seems  difficult  to  ascertain  what  the  Norman  battle- 
ment was,  and  there  seems  much  reason  to  suppose  it  was 
only  a  plain  parapet;  many  Norman  structureu  have  either 
battlements  evidently  of  later  date,  or  parapets  as  evidently 
mutilated,  and  in  the  larger  buildings  of  tne  early  English  style, 
the  parapet  continues  mostly  to  be  used.  Perhaps  some  ofthe 
earliestbattlementisthatatthe  west  end  of  Salisbury  cathedral, 
plain,  of  nearly  equal  intervals,  and  with  a  plain  capping  mould- 
ing; but  it  may  be  doubted  if  even  this  is  original.  An  orna* 
mented  parapet  continued  to  be  used  through  the  next  style, 
but  with  the  very  frequent  use  of  battlements  of  several  sorU. 
both  plain  and  pierced;  and  as  these  continued  with  less  altentr 
tion  tnan  many  other  parts,  through  the  perpendicular  style^  it 
will  be  better  to  describe  them  all  together,  j  ust  observing,  that 
a  considerable  degree  of  perpendicular  pannelling  prevails  ia 
the  battlements  of  the  later  edifices.    The  most  frequent  early 
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pierced  parapet,  is  a  series'of  interchanged  trefoils  with  a  fine 
serpentine  line  separating  them;  this  has  a  fine  effect,  and  is 
mostly  used  in  Decorated  English  buildings ;  for  in  the  Per- 
pendicular, the  dividing  line  is  straight,  making  a  series  of 
interchanged  triangles.  Of  pierced  battlement^  there  are  many 
varieties,  but  the  early  ones  have  frequently  quatrefoils,  either 
for  the  lower  compartments,  or  on  tne  top  of  the  pannels  of 
the  lower,  to  form  the  higher;  the  latter  have  often  two  heights 
of  pannels,  one  range  for  the  lower,  and  another  over  them 
forming  the  upper;  and  at  Loughborough  is  a  fine  battlement 
of  rich  piercea  quatrefoils,  in  two  heights,  forming  an  indented 
battlement.  These  battlements  have  generally  a  running  cap 
moulding  carried  round,  and  generally  following  the  line  of 
battlement.  There  are  some  few  later  buildings,  which  have 
pierced  battlements,  not  with  straight  tops,  but  variously  or- 
namented ;  such  is  the  tomb  house  at  Windsor,  with  pointed 
upper  compartments,  and  such  is  the  battlement  of  the  eastern 
addition  at  Peterborough,  and  the  great  battlement  of  King's 
college  chapel,  Cambridge,  and  also  that  most  delicate  battle- 
ment over  the  lower  side  chapels ;  this  is  perhaps  the  most 
elegant  of  the  kind.  Sometimes  exteriorly,  and  often  inte- 
riorly, the  Tudor  flower  is  used  as  a  battlement,  and  there  are 
a  few  instances  of  the  use  of  a  battlement  analogous  to  it  in 
small  works  long  before ;  such  is  that  at  Waltham  cross. 

Of  plain  batUements  there  are  several  descriptions :  1st, 
that  of  nearly  equal  intervals,  with  a  plain  round  capping 
running  round  witn  the  outline.  2nd,  The  castellated  battle- 
ment, of  nearly  equal  intervals,  and  sometimes  with  large  bar 
tlements  and  small  intervals,  with  the  cap  moulding  runnin. 
only  horizontal,  and  the  sides  cut  plain ;  this  is  perhaps  the 
best  in  point  of  effect  of  any.  3d,  A  battlement  like  the  last, 
with  the  addition  of  a  moulding  which  runs  round  the  out- 
line, and  has  the  horizontal  capping  set  upon  it.  4th,  The 
most  common  later  battlement,  with  the  cap  moulding  broad, 
of  several  mouldings,  and  running  round  the  outline,  and  thus 
often  narrowing  the  intervals,  and  enlarging  the  battlement. 
To  one  or  other  of  these  varieties,  most  battlements  may  be 
reduced;  but  they  are  never  to  be  depended  on  alone,  in 
determining  the  age  of  a  building,  from  the  very  frequent 
alteration  Uiey  are  liable  to.* 

Of  Roofs. 

Roofs  may  be  conveniently  divided  into  two  pnncipal  divi- 
sions ;  the  first  including  those  in  which  the  sloped  framing, 
carrying  the  lead  or  other  covering,  is  visible ;  and  the  second, 
those  which  have  an  inner  roof  of  various  materials. 
7— Vol.  I  Y 
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It  is  difficult  to  Bay  what  were  the  open  Norman  roofs,  but 
it  seems  most  likely  they  exposed  the  rafters  and  other  fram- 
ing of  the  rdof,  and  probably  kad  straight  beams  laid  across 
the  walls  of  the  nave  over  each  pier.  If  any  original  roo&  of 
this  kind  remain,  Rochester  cathedral  seems  most  likely  to  be 
one.  The  first  attempt  to  ornament  these  roofs,  seems  to  have 
been  to  make  a  timber  arch  over  each  prer,  and  to  frame  tim- 
bers in  squares  diagonally,  and  these  are  sometimes  made  into 
quatrefoils,  and  afterwards  the  arch  framing  became  variously 
ornamented,  till  it  came  to  the  gorgeous  hall  roof,  of  which 
there  are  many  fine  specimens,  buft  perhaps  few,  if  any,  superior 
to  that  of  Westminster  hall.  The  roof  of  St.  Stephen's  cha- 
pel was  of  peculiar  beauty,  and  that  of  the  chapter-house  at 
Exeter,  is  much  like  it.  From  the  piers,  springs  an  arch  which 
is  pierced  in  the  B|>andrells,  and  richly  ornamented  with  pierced 
featherings ;  and  the  sloping  roof  is  constructed  in  small 
squares,  beautifully  ornamented  with  quatrefoils. 

There  are  buildings  in  which,  though  the  upper  roof  is 
shown,  there  is  a  preparation  for  an  inner  roof;  such  is  Ches- 
ter cathedral,  where  only  the  lady  chapel,  and  the  aisles  of 
the  choir,  are  groined,  and  the  whole  of  the  rest  of  the  church 
is  open;  but  on  the  top  of  the  shafts  are  the  commencement 
springing  of  a  stone  groined  roof.  There  is  a  chapel  in  a 
cnurch  in  Cambridgeshire,  Willingham,  between  Ely  and  Cam- 
bridge, which  has  a  very  singular  roof;  stone  ribs  rise  like  the 
timber  ones,  the  intervals  are  pierced,  and  the  slope  of  the 
roof  is  of  stone  ;  it  is  high  pitched,  and  the  whole  appears  of 
decorated  character. 

The  second  division,  or  inner  roofs,  re  very  various;  from 
history  it  seems  as  if  the  most  early  inner  roof  was  flat  over 
the  beams,  and  these  were  planked  and  painted,  as  at  St.  Al- 
ban's  and  Peterborough.  The  latter  is,  indeed,  a.  singularly 
beautiful  relic  j  it  has  lately  been  repainted,  as  it  was  origi- 
nally, an/1  now  presents  an  appearance  of  rich  mozaic,  like  a 
carpet  full  of  stiff  lines,  and  its  general  division  is  into  lo- 
zenges, with  flowers  of  Norman  character,  and  the  whole  ac- 
cording in  design  with  the  ornaments  of  that  style.  This  kind 
of  rooi  most  likely  contributed  much,  especially  when  the  ex- 
terior roof  was  covered  with  shingles,  to  spread  those  de- 
structive fires  which  we  so  frequently  read  of  in  the  history  of 
the  early  churches.  There  are  some  roofs  of  this  construction, 
in  country  churches,  but  generally  of  a  very  late  date,  and 
sometimes  painted  with  wretched  attempts  at  clouds. 

There  does  not  seem  to  be  any  wooden  inner  roofs,  except 
plaster  groining,  now  remaining,  till  we  come  to  the  perpendi- 
cular ordinary  style  of  roofiug,  which  was  rich,  though  easily 
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constracted ;  a  rib  crossed  above  the  pier,  with  a  small  flat 
arch^  and  this  was  crossed  by  uiother  in  the  centre  of  the 
nave,  and  the  spaces  thas  formed  were  again  divided  by  cross 
ribs,  till  reduced  to  sc[uares  of  two  or  three  feet;  and  at  each 
intersection,  a  flower,  shield,  or  other  ornament,  was  placed. 
This  roof  was  sometimes  in  the  aisles  made  sloping,  and  oo* 
casionally  coved.  In  a  few  instances,  the  squares  were  filled 
with  fans,  &c.  of  small  tracery. 

The  next  and  most  important  mode  of  interior  roofing,  is 
the  regular  groined  roof;  and  of  this  description  we  have  a 
regular  and  valuable  series,  from  tlie  plain  Norman  round 
arched  roof,  to  the  elaborate  pendanted  roof  of  Henry  the 
VII/s  chapel. 

The  various  Norman  crypts,  and  some  small  churches,  give 
very  good  specimens  of  the  Norman  roof,  which  has  simjdy 
four  cross  springers,  often  without  straight  ribs  from  the  op* 
posite  piers.  The  cross  springers  were  ornamented  in  the 
usual  manner  with  carvings  of  zigzag  and  other  Norman  orna- 
ments. The  first  pointed  roof  added  nothing  to  the  Norman, 
in  ribs,  except  the  one  from  pier  to  pier.  The  ribs  were  often 
enriched  by  the  toothed  ornament,  and  generally  a  boss  or 
knot  at  the  centre  intersections.  Canterbury,  some  parts  of 
Lincoln,  but  above  all,  Salisbury  cathedral,  are  admiraole  spe- 
cimens of  these  roofs,  which  were  erected  mostly  in  the  time 
of  the  Early  English  style,  or  attached  to  buildings  of  that 
date. 

The  next  advance  appears  in  the  roof  of  the  nave  at  Wells 
cathedral;  in  this  a  plain  rib  runs  longitudinally  at  the*top, 
crossing  the  rib  from  the  piers,  and  also  the  ii^t^rsection  of 
the  cross  springers,  and  another  rib  runs  crossways  at  the  tofp 
of  the  window  arches,  crossing  thjB  centre  intersection.  To 
this  soon  succeeded  the  multiplication  of  the  ribs,  which  meet 
the  longitudinal  straight  cross  rib,  and  at  their  intersections 
have  bosses.  To  this  is  added,  in  the  richer  roofs,  short  ribs 
rannine  from  one  ofHhese  bosses  to  another,  and  diese  are  in- 
creased in  the  later  roofs,  till  the  whole  is  one  series  of  net 
work,  of  which  the  roof  of  the  choir  at  Gloucester,  is  ene  ol 
the  most  complicated  specimens.  The  later  monumental 
chapels  and  statuary  niches,  mostly  present  in  their  roofs  very 
complicated  tracery. 

Of  the  ribbed  roofs,  which  are  rich  without  being  gorgeous, 
perhaps  York  minster  exhibits  a  specimen  not  inferior  to  any 
other. 

We  now  come  to  a  new  and  most  delicate  description  of 
roof,  that  oi  fan  traceri/,  of  which  probably  the  earliest,  and 
certainly  one  of  the  most  eleir.uit,  is  that  of  the  cloisters  at 
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Gloucester.  In  these  roofs,  from  the  top  of  the  shaft  springs 
a  small  fan  of  ribs,  which  doubling  out  from  the  points  of  the 
pannels,  ramify  on  the  roof,  and  a  quarter  or  half  circular  rib 
forms  the  fan,  and  the  lozenge  interval  is  formed  by  some  of 
the  ribs  of  the  fan  running  through  it,  and  dividing  it  into 
portions,  which  are  filled  with  ornament.  King's  college 
chapel,  Cambridge,  Henry  the  VI I. 's  chapel,  and  the  Abbey 
church  at  Bath,  are  the  best  specimens,  after  the  Gloucester 
cloisters ;  and  to  these  may  be  added  the  aisles  of  St.  (jeorge's, 
Windsor,  and  that  of  the  eastern  addition  to  Peterborough. 
To  some  of  these  roofs  are  attached  pendants,  which,  in  Henry 
the  yil.'s  chapel,  come  down  as  low  as  the  springing  line  of 
the  fans. 

The  roof  of  the  nave  and  choir  of  St.  George's,  Windsor,  is 
very  singular,  and  perhaps  unique.  The  ordinary  proportion 
of  the  arches  and  piers  is  half  the  breadth  of  the  nave ;  this 
makes  the  roof  compartments  two  sc^uares,  but  at  Windsor  the 
breadth  of  the  nave  is  nearly  three  times  that  of  the  aisles,  and 
this  makes  a  figure  of  about  three  squares.  The  two  exterior 
parts  are  such  as,  if  joined,  would  make  a  very  rich  ribbed 
roof;  and  the  centre  compartment,  which  runs  as  a  flat  arch» 
is  filled  with  tracery  pannels,  of  various  shapes,  ornamented 
with  quatrefoils,  and  forming  two  halves  of  a  star;  in  the  choir 
the  centre  of  the  star  is  a  pendant.  This  roof  is  certainly 
the  most  singular,  and  perhaps  the  richest  in  eifect  of  any 
we  have ;  it  is  profusely  adorned  with  bosses,  containing 
shields,  &c. 

There  still  remains  one  more  description  of  roof,  which  is 
used  in  small  chapels,  but  not  common  in  large  buildings  ; 
this  is  the  arch  root ;  in  a  few  instances  it  is  found  plain,  with  a 
simple  ornament  at  the  spring  and  the  point,  and  this  is  gene- 
rally a  hollow  moulding  with  flowers,  8cc.  but  it  is  mostly  pan- 
nelled.  Of  this  roof  the  nave  of  Bath  is  a  most  beautiful  spe- 
cimen. The  arch  is  very  flat,  and  is  composed  of  a  series  of 
small  rich  pannels,  with  a  few  large  ones  at  the  centre  of  the 
compartments  formed  by  the  piers.  Another  beaujLiful  roof  of 
this  Kind  is  the  porch  to  Henry  the  VII.'s  chapel ;  but  this  is 
80  hid,  from  the  want  of  light,  as  to  be  seldom  noticed. 

The  ribbed  roofis  are  often  formed  of  timber  and  plaster,  but 
are  generally  coloured  to  represent  stone  work. 

There  may  be  some  roofs  of  different  arrangements  from  any 
of  these ;  but  in  general  they  may  be  referred  to  one  or  other 
of  the  above  heads. 
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Having  now  given  an  outline  oT  the  details  of  the  ditferent 
styles,  it  remains  to  speak  of  a  few  matters  which  could  not 
so  well  be  previously  noticed.  As  one  style  passed  gradually 
into  another,  there  will  be  here  and  there  buildings  partaking 
of  two,  and  there  are  many  buildings  of  this  descripti^  whose 
dates  are  not  at  all  authenticated.  Litchfleld  cathedral  is  a 
fine  instance  of  the  gradation  from  richer  Early  English  into 
Decorated,  as  are  some  of  those  delicate  monuments,  the 
crosses  of  Edward  the  I.  and  many  of  the  Lincolnshire  spires. 
There  are  also  many  beautiful  gradations  from  Decorated  to 
Perpendicular.  Of  these,  the  choir  of  York,  and  the  upper 
part  of  the  two  towers  at  the  west  end,  and  the  remains  of 
Melrose  abbey,  may  be  mentioned. 

There  is  one  building  which  deserves  especial  mention,  from 
the  singularity  of  its  character,  ornaments,  and  plan ;  this  is 
Roslyn  chapel.  It  is  certainly  unclassable  as  a  whole,  being 
unlike  any  other  building  in  Great  Britain  of  its  age,  (the  lat- 
ter part  of  the  fifteenth  century,)  but  if  ils  details  are  minutely 
examined,  they  will  be  found  to  accord  most  completely  in 
the  ornamental  work  with  the  style  then  prevalent,  though 
debased  by  the  clumsiness  of  the  parts,  and  their  want  of  pro- 
portion. There  seems  little  doubt  that  the  designer  was  a  fo- 
reigner, or  at  least  took  some  foreign  buildings  for  his  model. 

It  will  now  be  proper  to  add  a  few  words  on  the  alterations 
audiAlditioDS  which  most  ecclesiastical  edifices  have  received; 
and  some  practical  remarks  as  to  judging  of  their  age.  The 
general  alteration  is  that  of  windows,  which  is  very  frequent; 
very  few  churches  are  without  some  Perpendicular  windows. 
We  may  therefore  pretty  safely  conclude  that  a  building  is  at 
least  as  old  as  its  windows,  or  at  least  that  part  is  so  which 
contains  the  windows.  But  we  can  by  no  means  say  so  with 
respect  to  doors,  which  are  often  left  much  older  than  the  rest 
of  the  building. 

A  locality  of  style  may  be  observed  in  almost  every  county, 
and  in  the  districts  where  flint  abounds,  it  is  sometiraes  almost 
impossible  to  determine  the  date  of  the  churches,  from  the 
absence  of  battlements,  architraves,  and  buttresses;  but 
wherever  stone  is  used,  there  is  generally  enough  of  indica- 
tion to  assign  each  part  to  its  proper  style,  and  with  due 
regard  to  do  the  same  with  plates  of  ordinary  correctness,  a 
little  habitual  attention  would  enable  many  persons  to  judge 
at  once,  at  the  sight  of  a  plate  or  drawing,  of  its  correctness, 
from  its  consistency,  or  tne  contrary,  with  the  details  of  its 
apparent  ityle. 
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In  a  sketch  like  the  present,  where  the  Author  is  confined 
to  a  certain  space,  it  is  impossible  to  notice  every  variety;  but 
at  least  he  now  presents  the  world,  for  the  first  time,  with  a 
rational  arrangement  of  the  details  of  a  mode  of  architecture 
on  many  accounts  valuable,  and  certainly  the  most  proper  for 
ecclesiastical  edifices.  Still  further  to  enable  the  reader  to 
distinguish  the  principles  of  Grecian  and  English  architecture, 
he  adds  a  few  striking  contrasts,  which  are  formed  by  those 
principles  in  buildings  of  real  purity,  and  which  will  at  once 
convince  any  unprejudiced  mind  oi  the  impossibility  of  any 
thing  like  a  good  mixture. 


Crtecian. 
The  general  running  lines 
are  horizontal. 

Arches  not  necessary. 


An  entablature  absolutely 
necessary,  consisting  always 
of  two,  and  mostly  of  three 
distinct  parts,  having  a  close 
relation  to,  and  its  character 
and  ornaments  determined  by 
the  columns. 

The  columns  can  support 
nothing  but  an  entablature, 
and  no  arch  can  spring  directly 
from  a  column. 

A  flat  column  may  be  called 
a  pilaster,  which  can  be  used, 
as  a  column. 


The  arch  must  spring  from 
a  horizontal  line. 


Columns  the  supporters  of 
tfad  entablature. 


English, 
The  general  running  linct 
are  perpendicular. 

#  Arches  a  really  fundamental 

Erinciple,  and  no  pure  English 
uilding  or  ornament  can  be 
composed  without  them. 

No  such  thing  as  an  entab- 
lature composed  of  parts,  and 
what  is  called  a  cornice,  bears 
no  real  relation  to  the  shafts 
which  may  be  in  the  same 
building.  ♦ 


The  shafts  can  only  sup- 
port an  arched  moulding,  and 
in  no  case  a  horizontal  kne. 


Nothing  analogous  to  a  pi- 
laster; every  flat  ornamented 
projecting  surface,  is  either  a 
senes  of  pannels,  or  a  buttress. 

No  horizontal  line  necessa- 
ry, and  never  ciny  but  the  small 
cap  of  a  shaft. 

Shaft  bears  nothing,  and' is 
only  ornamental,  and  the  round 
pier  still  a  pier. 
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Grecian. 
No  projections  like  buttres- 
ses, and  all  projections  stopped 
by  horizontal  lines. 

Arrangement  of   pediment 
fixed. 


Openings  limited  by  the 
proportions  of  the  column. 

Regularity  of  composition 
on  each  side  of  a  centre  neces- 
sary. 

Cannot  form  good  steeples, 
because  they  must  resemble 
unconnected  buildings  piled 
on  each  other. 


English. 
Buttresses  essential  parts^ 
and  stop  all  horizontal  lines. 


Pediment  only  an  ornament- 
ed end  wall,  and  may  be  of 
almost  any  pitch. 

Openings  almost  unlimited. 


Regularity  of  composition 
seldom  found,  and  variety  of 
ornament  universal. 

From  its  perpendicular  lines, 
may  be  carried  to  any  practi- 
cable height,  with  almost  in- 
creasing beauty. 


In  the  foregoing  details  we  have  said  nothing  of  castellated 
or  domestic  architecture  ;  because  there  does  not  appear  to  be 
any  remains  of  domestic  buildings,  so  old  as  the  latest  period 
of  the  English  style,  which  are  unaltered ;  and  because  the  cas- 
tellated remains  are  so  uncertain  in  their  dates,  and  so  much 
dilapidated  or  altered,  to  adapt  them  to  modern  modes  of  life 
or  defence,  that  little  clear  arrangement  could  be  made,  and  a 
careful  study  of  ecclesiastical  architecture  will  lead  any  one, 
desirous  to  form  some  judgment  of  the  characler  of  these  build- 
ings, to  the  most  accurate  conclusions  on  the  subject  which 
can  well  be  obtained  in  their  present  state. 


Description  of  Plate  L 

In  order  that  tlie  plate  may  be  kept  free  from  figures,  which 
would  have  taken  otf  greatly  from  its  good  effect,  a  descrip- 
tion of  what  it  contains  is  annexed  without  letters  of  reference. 
And  it  may  be  necessary  to  state,  that  in  order  to  comprise  as 
much  as  possible  of  the  different  styles  in  a  small  space,  there 
has  been  an  unavoidable  departure  from  the  relative  propor- 
tion of  parts  in  several  instances,  but  not  to  any  very  great 
eictent. 
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The  upper  part  of  the  plate  contains  sixteen  detached  specie 
mens,  which,  beginning  at  the  left  hand  at  the  top,  are  as 
follow : 

1st,  The  plain  semi-circular  arch. 

2nd,  The  segmental  arch. 

3rd,  The  equilateral  arch. 

4th,  The  drop  arch. 

5th,  The  lancet  arch. 

6th,  The  horse-shoe  arch. 

7th,  The  ogee  or  contrasted  arch. 

8th,  The  four-centred  or  Tudor  arch. 

9th,  A  plain  circular  trefoil  window,  with  ornamented 
points. 

10th,  A  plain  trefoil  window  head. 

11th,  A  triangular  pannel  feathered  in  three  divisions,  each 
of  which  is  again  feathered. 

12th,  The  straight-headed  cinquefoil,  so  much  used  in 
small  tracery  of  windows,  in  the  eastern  part  of  the  king- 
dom. 

13th,  A  plain  circular  quatrefoil  window. 

14th,  The  usual  mode  of  cinquefoiling  an  ogee  head,  and  its 
insertion  in  a  transom. 

15th,  A  very  beautiful  mode  of  double  feathering  a  cinque- 
foil, from  the  east  window  at  York. 

16th,  A  plain  circular  cinquefoil  window. 

The  lower  design  is  divided  by  buttresses  into  three  com- 

Sartments,  of  which  the  lower  part  of  the  centre  contains  two 
forman  windows,  one  with  shafts,  the  other  with  the  zigzag 
moulding,  and  having  between  them  a  Norman  buttress,  and  a 
Norman  cornice  over  them.  The  upper  part  of  this  compart- 
ment is  Early  English,  having  three  windows  with  shafts  divid- 
ed by  bands,  and  resting  on  a  tablet.  The  pediment  has  a 
projecting  parapet  with  a  cornice  moulding  under  it,  and  a 
cap  moulding  above.  This  parapet  is  ornamented  with  sunk 
quatrefoils. 

The  lefl  hand  compartment,  and  its  two  buttresses,  are  De- 
corated English.  The  window  of  flowing  tracery  is  of  the  style 
of  that  in  the  west  end  of  Newark,  but  much  of  its  delicate 
small  ornaments  are  obliged  to  be  omitted,  on  account  of  its 
size.  The  canopy  is  executed  at  Chester  cathedral.  The  cor- 
nice is  the  ordinary  Decorated  cornice  with  flowers.  The  bat- 
tlement is  that  of  the  nave  of  York  minster.  The  pinnacles 
are  of  the  description  very  common  in  the  west  of  England, 
with  square  bases  and  small  battlements. 

The  right-hand  compartment  contains  a  perpendicular  win- 
dow of  Ave  lights  in  a  tour-cfentred  arch,  with  a  crocketed  ogee 
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canopy.  It  is  divided  by  a  transom,  and  has  the  transom 
moulding  battlemented.  This  window  is  of  simple  construc- 
tion, and  is  executed  with  slight  variations  in  various  parts. 

The  cornice  is  that  of  the  upper  roof  of  the  Abbey-church 
at  Bath,  and  the  battlements  are  also  taken  from  thence ;  but 
from  the  small  size  pf  the  plate,  both  are  obliged  to  be  much 
simplified  as  to  their  mouldings.  The  pinnacles  are  the  ordi- 
nary pinnacles  of  this  style. 

Plate  II.  affords  an  example  of  the  square-headed  door  of 
the  Perpendicular  style ;  it  has  a  shaft  supporting  the  inner 
moulding  of  the  arch,  and  another  supporting  the  exterior 
mouldings,  which  forms  also  the  square,  and  both  are  included 
in  a  hollow  moulding.  The  dripstone  is  nearly  the  most  fre- 
quent plain  dripstone,  and  the  cornice  shews  the  effect  of  the 
introduction  of  flowers. 

Plates  of  almost  all  the  buildiugs  mentioned  in  this  sketch, 
may  be  found  in  one  or  other  of  the  following  works,  which 
all  contain  plates  of  good  character,  though  of  course  perhaps 
not  all  of  equal  correctness  in  drawing  the  detail 

The  Cathedrals,  Sec.  published  by  the  Society  of  Antiquaries, 

Carter's  Ancient  Architecture,  - 

King's  Muninienta  Antiqua, 

Halfpenny's  Engravings  of  York  Minster, 

Buckler's  Views  of  the  Cathedrals, 

Britten's  Architectuial  Antiquities, 

Storer  and  Ghreig*s  Illustrations  of  Pennant's  London, 

Antiquarian  and  Topographical  Cabinet, 

- — Ancient  Relics, 

Lyson's  Magna  Brittanica, 

Britton  and  Brayley's  Beauties'  of  England, 

Archeeologia, 

Chalmer's  History  of  Oxford.    - 
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The  many  valuable  treatises  and  excellent  delineations  of 
the  Grecian  and  Roman  buildings,  and  the  details  of  their 
parts,  will  render  unnecessary  that  minuteness  in  this  disser- 
tation, which,  from  the  total  absence  of  a  previous  system,  it 
became  necessary  to  adopt  in  the  description  of  the  English 
styles.  But  in  this  sketch  something  of  a  similar  plan  wul  be 
followed,  first  giving  the  name  and  grand  distinctions  of  the 
orders,  then  describing  tlie  terms  and  names  of  parts  necessary 
for  those  who  have  not  paid  attention  to  the  subject  to  under* 
stand,  and  a  concise  description  of  each  order  will  follow;  but 
from  the  diversity  of  judgment  prevailing,  it  will  be  most  pro* 
per  to  leave  the  reader  to  select  his  own  examples,  as  in  this 
country  we  liave  not,  as  in  the  English  architecture,  the  origi- 
nals to  study,  but  a  variety  of  copies,  adapted  to  the  climate 
and  the  convenience  of  modern  times.  * 

In  dividing  the  Grecian  and  Roman  architecture,  the  word 
order  is  used,  and  much  more  properly  than  style;  the  English 
styles  regarded  not  a  few  parts,  but  the  composition  of  the 
whole  building;  but  a  Grecian  building  is  denominated  Dorm 
or  Ionic,  merely  from  its  ornaments  ;  and  the  number  of  co- 
lumns, windows,  &c.  may  be  the  same  in  either  order,  only 
varied  in  proportion. 

The  orders  are  generally  considered  to  be  five,  and  are  usu- 
ally enumerated  as  follows : 

Tuscan,  of  which  the  usual  height  of  the  col.  is  7  diameters. 

Doric,  ...  8 

Ionic,  ...  9 

Corinthian,  -  -  -  10 

Composite,  -  -  -  10 

Their  origin  will  be  treated  of  hereafter.  Their  prominent 
distinctions  are  as  follow  : 

The  Tuscan  is  quite  plain,  without  any  ornament  whatever. 

The  Doric  is  distinguished  by  the  channels  and  projecting 
intervals  in  the  frieze,  called  triglyphs. 

The  Ionic  by  the  ornaments  of  its  capital,  which  are  spiral, 
and  are  called  volutes. 

The  Corinthian  by  the  superior  height  of  its  capital,  and  its 
being  ornamented  with  leaves,  which  support  very  small 
▼olutes. 

The  Composite  has  also  a  tall  capital  with  leaves,  but  is  dis- 
tinguished from  the  Corinthian  by  having  the  large  volutes  of 
the  Ionic  capital. 


A  complete  order  is  divisible  into  three  grand  divisions, 
which  are  occasionally  executed  separately,  viz. 

The  colunin,  including  its  base  and  capital. 

The  pedeslal,  which  supports  the  column. 

The  entablature,  or  part  above  and  supported  by  the  oohimn. 

These  are  again  each  subdivided  into  three  parts. 

The  pedestal  into  base  or  lower  mouldings;  aiado  or  die,  the 
plain  central  space;  and  mrbase  or  upper  mouldings. 

The  column  into  base  or  lower  mouldings,  s/iajt  or  central 
plain  space,  and  capital  or  upper  mouldings. 

The  entablature  into  architrave,  or  part  immediately  above 
the  column ;  frieze  or  central  flat  space ;  and  cornice  or  upper 
projecting  mouldings. 

These  parts  may  De  again  divided  thus:  the  lower  portions, 
riz.  the  base  of  pedestal,  base  of  column,  and  architrave, 
divide  each  into  two  parts;  the  first  and  second  into  plinth 
and  mouldings,  the  third  into  i'ace  or  faces,  and  upper  mould- 
ing or  tenia. 

£ach  central  portion,  as  dado  of  pedestal,  shaft  of  column, 
and  frieze,  is  undivided. 

Each  upper  portion,  as  surbase  of  pedestal,  capital  of  column, 
cornice  of  entablature,  divides  into  three  parts:  the  first  into 
hedmould,  or  the  part  under  the  corona;  corona,  or  plain  face; 
and  cymatium,  or  upper  moulding. 

The  capital,  into  neck,  or  part  below  the  ovolo;  ovolo  or 
projecting  round  moulding;  and  abacus  or  tile,  the  flat  upper 
moulding  mostly  nearly  square.  Tlieee  divisions  of  tbe 
capital,  however,  are  less  distinct  than  those  of  the  other 
parts. 

The  cornice  into  bedmould,  or  part  below  the  corona ;  corona, 
or  flat  projecting  face ;  cymatium,  or  moulding  above  the 
corona. 

Besides  these  general  divisions,  it  will  be  proper  to  notice 
a  few  terms  often  made  use  of.  Tbe  ornamental  moulding 
running  round  an  arch,  or  round  doors  and  windoivs,  is  called 
an  arcnitrave. 

An  ornamental  moulding  for  an  arcb  to  spring  from,  is 
called  an  impost. 

The  stone  at  the  top  of  an  arch,  which  often  projects,  is 
called  a  key-stone.  , 

The  small  brackets  under  the  corona  in  the  cornices,  are 
called  mutules  or  modHtions;  if  they  are  square,  or  lonoer  in 
front  than  in  depth,  they  are  called  mutules,  and  are  used  in 
the  Doric  order.  If  they  are  less  in  front  than  their  depth, 
tiiey  are  called  modillions,  and  in  the  Oorinthian  order  have 
carved  leaves  spread  under  them. 
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A  truss  is  a  modillion  enlarged,  and  placed  flat  against 
a  wall,  often  used  to  support  the  cornice  of  doors  and 
windows. 

A  console  is  an  ornament  like  a  truss  carved  on  a  key-stone. 

Trusses,  when  used  under  modillions  in  the  frieze,  are  called 
cantalivers. 

The  space  under  the  corona  of  the  cornice,  is  called  a  sqffitp 
as  is  also  the  under  side  of  an  arch. 

Dentils  are  ornaments  used  in  the  bedmould  of  cornices  ; 
they  are  parts  of  a  small  flat  face,  which  is  cut  perpendicu- 
larly, and  small  intervals  left  between  each. 

A  flat  column  is  called  a  pilaster:  and  those  which  are  used 
with  columns,  and  have  a  different  capital,  are  called  ant^. 

A  small  height  of  pannelling  above  the  cornice,  is  called  an 
attic,  and  in  these  pannels,  and  sometimes  in  other  parts,  are 
introduced  small  pillars,  swelling  towards  the  bottom,  called 
balustres,  and  a  series  of  them  a  balustrade. 

If  the  joints  of  the  masonry  are  channelled,  the  work  is  called 
rustic,  which  is  often  used  as  a  basement  for  an  order. 

Columns  are  sometimes  ornamented  by  channels,  which  are 
called^ii^es.  These  channels  are  sometimes  partly  filled  by  a 
lesser  round  moulding ;  this  is  called  cabling  the  flutes. 

For  the  better  understanding  the  description  to  be  given  ol 
the  orders,  it  will  be  proper  first  to  notice  the  difli^rent  mould- 
ing, which  b]^  different  combinations  form  their  parts. 

The  most  simple  mouldings  are,  1st,  the  Ovoto,  or  quarter 
round,  see  pi.  III.  fig.  1. 

2nd,  The  cavetto,  or  hollow,  fig.  2. 

3rd,  The  torus,  or  round,  fig.  3. 

From  the  composition  of  these  are  formed  divers  others,  and 
from  the  arrangement  of  them,  with  plain  flat  spaces  between, 
are  formed  cornices  and  other  ornaments.  A  large  flat  space 
is  called  a  corona  if  in  the  cornice ;  ^fascia  in  the  architrave  ; 
and  the  frieze  itself  is  only  a  flat  space.  A  small  flat  face  is 
called  a  Jillet,  or  listel,  and  is  interposed  between  mouldings 
to  divide  them. 

A  fillet  is,  in  the  bases  of  columns  and  some  other  parts, 
joined  to  a  face,  or  to  the  column  itself  by  a  small  hollow, 
then  called  apophyges,  fig.  4. 

The  torus,  when  very  small,  becomes  an  astragal,  which 
projects,  fig.  6 ;  or  a  bead,  which  does  not  project,  fig.  6, 

Compound  mouldings  are,  the  cyma  recta,  which  has  the 
hollow  uppermost  and  projecting,  fig.  7. 

The  cyma  reversa,  or  ogee,  which  has  the  round  uppermost 
and  projecting,  fig.  8. 
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The  scotia ;  which  is  formed  of  two  hollows,  one  over  the 
other,  and  of  different  centres,  fig.  9. 

In  the  Roman  works,  the  mouldings  are  generally- worked 
of  equal  projection  to  the  height,  and  not  bolder  than  the 
above  regular  forms;  but  the  Grecian  mouldings  are  often 
bolder,  and  worked  with  a  small  return,  technically  called  a 
quirk,  and  these  are  of  various  proportions. 

The  ogee  and  ovolo  are  most  generally  used  as  represented 
by  fig.  10  and  11. 

Several  beads  placed  together,  or  sunk  in  a  flat  face,  are 
called  reedings,  see  fig.  12. 

All  these  mouldings,  except  the  fillet,  may  be  occasionally 
carved,  and  they  are  then  called  enriched  mouldings. 

From  these  few  simple  forms,  by  adding  astragals  and  fillets, 
and  combining  differently  ornamented  mouldings,  faces,  and 
soffits,  are  all  the  cornices,  punnels,  Sec.  formed,  and  the  mo- 
dern compositions  in  joiners'  work,  &c.  are  very  numerous, 
and  too  well  known  to  need  describing. 


Tuscan  Order. 

Though  this  is  not,  pierhaps,  the  most  ancient  of  the  Qrders, 
yet,  from  its  plainness  and  simplicity,  it  is  usually  first  no- 
ticed. Its  origin  is  evidently  Italian ;  for  the  Grecian  work, 
however  plain,  has  still  some  of  the  distinctive  inarks  of  mas- 
sive Doric,  whilst  the  Tuscan  always  bears  clear  marks  of  its 
analogy  to  the  Roman  Doric. 

The  pedestal,  when  used,  is  very  plain,  but  it  is  more  often 
set  on  a  plain  square  block  plinth,  which  suits  the  character 
of  the  order  better  than  the  higher  pedestal.  This  block  pro- 
jects about  half  the  height  of  the  plinth  of  the  base  beyond 
its  face. 

The  column,  including  the  base  and  capital,  is  about  seven 
diameters  high.  The  column,  in  this,  and  indeed  in  alF  the 
orders,  is  diminished  the  upper  two-thirds  of  its  height,  so 
that  the  diameter  under  the  neck  of  the  capital  is  from  one- 
sixth  to  one-fourth  less  than  that  just  above  the  base.  This 
diminution  is  not  conical,  but  bounded  by  a  curved  line, 
which  is  variously  determined,  but  does  not  differ  much  from 
what  an  even  spring  would  assume,  if  one  part  of  it  were 
bound,  in  the  direction  of  the  axis  of  the  shaft,  to  the  cylin- 
drical third,  and  then,  by  pressure  at  the  top  only,  brought  to 
the  diminishing  point. 

The  Tuscan  base  is  half  a  diameter  in  height,  and  donsists 
of  a  plain  torus  with  a  fillet  and  apophyges,  which  last  is  part 
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of  the  shafts  and  not  of  the  base,  as  indeed  all  apophygse  are 
considered  to  be ;  and  also  all  the  astragals  underneath  the 
capitals,  as  well  as  tlie  upper  fillet  of  the  base  in  all  the 
richer  orders,  and  in  masonry  should  be  executed  oVi  the, 
shaft  stones. 

The  capital  of  the  Tuscan  order  is  (exclusive  of  the  astra- 
gal) half  a  diameter  in  height,  and  consists  of  a  neck  on 
which  is  an  ovolo  and  fillet,  joined  to  the  neck  by  an  apo- 
phyges,  and  over  the  ovolo  a  square  tile,  which  is  ornamented 
oy  a  projecting  fillet. 

The  shaft  of  this  order  is  never  fluted,  but  some  architects 
have  giyen  to  this  order,  and  some  have  even  added  to  the 
richer  orders,  an  ornament  (if  so  it  may  be  called)  of  large 
square  blocks  as  parts  of  the  shaft,  which  are  called  rustica- 
tions, and  are  sometimes  roughened. 

The  Tuscan  entablature  should  be  quite  plain,  having 
neither  mutules  nor  modillions.  The  architrave  has  one  or 
sometimes  two  faces,  and  a  fillet ;  the  frieze  quite  plain,  and 
the  cornice  consisting  of  a  plain  cyma  recta  for  cymatium,  and 
the  corona  with  a  plain  fillet,  and  small  channel  for  drip  in  the 
soffit.  The  bedmould  should  consist  of  an  ovolo  fillet  and 
cavetto. 

This  Tuscan  is  that  of  Palladio;  some  other  Italian  archi- 
tects have  varied  in  parts,  and  some  have  given  a  sort  of  block 
modillions  like  those  used  in  Govent-Garden  church;  but  these 
are  of  wood,  and  ought  not  to  be  imitated  in  stone. 

This  order  is  little  used,  and  will  mof^t  likely,  in  future,  be 
still  less  so,  as  the  massive  Grecian  Doric  is  an  order  equally 
manageable,  and  far  more  elegant. 

Having  explained  the  parts  of  one  order,  it  will  be  necessary 
to  make  a  few  remarks,  which  could  not  so  well  be  previously 
introduced. — If  pilasters  and  columns  are  used  together,  and 
they  are  of  the  same  character,  and  not  an  toe,  the  pilasters 
should  be  diminished  like  the  columns;  but  where  pilasters 
are  used  alone,  they  may  be  undiminished 

The  moulding  under  the  cymatium,  which,  in  rich  orders, 
is  often  an  ogee,  is  part  of  the  corona,  and  as  such  is  continued 
over  the  corona  in  the  horizontal  line  of  pediments,  where  the 
cymatium  is  omitted ;  and  is  also  continued  with  the  corona 
in  interior  work,  where  the  cymatium  is  often  with  propriety 
omitted. 

In  pediments,  whose  cornices  contain  mutules,  modillions, 
or  dentils,  those  in  the  raking  cornice  must  be  placed  perpen«» 
dicularly  over  those  in  the  horizontal  cornice,  and  their  sides 
must  be  perpendicular,  though  their  under  parts  have  the  rake 
of  the  cornice. 


Doric  Order. 

The  ancient  Grecian  Doric  appears  to  ha*e  been  an  order  of 
peculiar  nobility,  aiuple  and  bolti,  its  ornaments  were  the  re- 
mains of  real  utility>  and  perhaps  originally  it  was  worked  with 
no  moulding  but  the  cymatiuni,  to  cover  the  ende  of  the  tiles, 
its  triglyphs  being  the  ends  of  the  beams,  nnd  its  mutules 
those  of  the  rafters.  In  &fter  times  its  proportions  were  made 
rather  less  massive,  and  its  mouldings  and  ornaments,  though 
not  numeroua,  were  very  beautiful.  The  Romans  considerably 
altered  this  order,  and  by  the  regulations  they  introduced,  ren*' 
dered  it  peculiarly  difficult  to  execute  on  large  buildings.  Ab 
the  examples  of  the  two  countries  are  very  different,  we  shall 
treat  of  them  separately,  and  first  therefore  of  the 

Grecian  Doric. 

The  columns  of  this  order  were,  in  Greece,  generally  placed 
on  the  tloor,  without  pedestal  and  without  base  ;  the  capital, 
which  occupied  a  height  of  about  half  a  diameter,  had  no  as- 
tragal, but  a  few  plain  filleta,  with  channels  between  them, 
under  the  ovolo,  and  sometimes  a  small  channel  under  the 
fillets.  The  ovolo  is  generally  fiat,  and  of  great  projection; 
with  a  quirk  or  return.  On  this  was  laid  the  abacus,  which 
was  only  a  plain  tile,  without  fillet  or  ornament. 

In  the  division  of  the  entablature,  the  architrave  and  frieztf  ■ 
have  each  more  than  a  third  in  height,  and  the  cornice  less; 
The  architrave  has  only  a  plain  broad  fillet,  under  which  ara 
placed  the  drops  or  gutt%,  which  appear  to  hang  from  the  tri- 
glyphs. 

Tie  triglyph,  in  Greece,  appears  to  have  been  generally 
placed  at  the  angle,  thus  hringin?  the  interior  edge  of  the  trn 
glyph  over  the  centre  of  the  angular  column.  The  metope,  of 
space  between  the  triglyphs,  being  the  square  of  the  height  of 
the  frieze,  and  a  mutule  was  placed  not  only  over  each  tri- 
glyph, but  also  over  each  metope,  and  it  appears  probable  that 
the  triglyphs  were  often  omitted,  except  over  the  centre  of  i 
each  column,  and  at  the  angle,  and  heace  the  order  would  be 
easily  worked  at  any  desirable  intercolumniatton.  The  cornice 
of  this  order,  in  Greece,  consisted  of  a  plain  face,  under  the 
mutule,  which  was  measured  as  part  of  the  frieze,  and  then  the 
mutule,  which  projected  sloping  forward  under  the  corona;  a» 
that  the  bottom  of  the  mutule  in  front  was  considerably  lower 
than  at  the  back,  where,  in  some  examples,  an  ogee  is  placed* 
under  the  mutule.  Over  the  corona  was  commonly  a  small 
ovolo  and  fillet,  and  then  a  larger  ovolo  and  f}llet  for  th» 
cymatium 
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The  ornaments  of  this  order,  in  Greece,  were,  Ist,  the  flat- 
ings  of  the  column,  which  are  peculiar  to  the  order,  and  are 
twenty  in  number,  shallow,  ana  not  with  fillets  between  them, 
but  sharp  edges.  These  flutes  are  much  less  than  a  semicircle, 
and  should  be  elliptic. 

2d,  At  the  comer,  in  the  space  formed  in  the  soffit  of  the 
corona,  by  the  interval  between  the  two  angular  mutules,  was 
sometimes  placed  a  flower,  and  the  cymatium  of  the  cornice 
had  lions'  heads,  which  appear  to  hare  been^real  spouts. 

3d,  In  addition  to  the  drops  under  the  triglyph,  tne  mutules 
also  have  several  rows  of  drops  of  the  same  shape  and  size. 

This  order  appears  in  general  to  have  been  worked  veiy 
massive,  the  best  examples  are  about  six  diameters  high,  which 
is  lower  than  the  Italians  usually  worked  the  Tuscan;  but  ibis 
gave  peculiar  nobility  to  the  temples  in  which  it  Is  thus  em- 
ployed. It  does  not  appear  that  a  pedestal  was  used  in 
Greece  with  this  order. 

Roman  Doric, 

This  differs  from  the  Grecian  in  several  important  particu- 
lars, which  will  appear  from  the  following  rules,  from  the 
strictness  of  which  follows  that  extreme  difficulty  of  execu- 
tion which  has  been  so' often  complained  of  in  this  order:  Ist, 
The  triglyphs  must  be  precisely  over  the  centre  of  the  co- 
lumns. 2d,  the  metopes  must  be  exact  squares ;  3d,  the  mu- 
tules also  must  be  exact  squares. 

As,  therefore,  the  intercolumniation  must  be  of  a  certain 
number  of  triglyphs,  it  will  be  easily  conceived  how  difficult 
it  will  be,  in  large  buildings,  where  a  triglyph  is  several  feet, 
to  accommodate  this  order  to  the  internal  arrangements. 

The  Roman  Doric  is  sometimes  set  dn  a  plinth,  and  some- 
times on  a  pedestal,  which  should  be  of  few  and  plain  mould- 
ings. The  bases  usually  employed,  are  either  the  attic  base 
of  a  plinth,  lower  torus,  scotia,  and  upper  torus,  with  fillets 
between  them,  or  the  proper  base  of  one  torus  and  an  astragial ; 
or,  in  some  instances,  of  a  plinth  and  simple  fillet.  The  shaft, 
including  the  base  and  capital,  each  of  which  is  half  a  diame- 
ter, is  generally  eight  diameters  high,  and  is  fluted  like  the 
Grecian.  The  capital  has  an  estragal  and  neck  under  the 
ovolo,  which  has  sometimes  three  small  fillets,  projecting  over 
each  other,  and  sometimes  another  astragal  and  fillet.  The 
ovolo  should  be  a  true  quarter  round.  The  abacus  has  a 
small  ogee  and  fillet  on  its  upper  edge. 

•  The  architrave  has  less  height  than  the  Grecian,  being  only 
two-thirds  of  the  frieze,  which  is  equal  in  height  to  the  cornice 
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In  a  few  instances  the  architrave  has  two  faces,  but  mostly 
'only  one* 

The  frieze  has  nothing  peculiar  to  this  mode ;  if  plain,  its 
metopes  being,  as  before  observed,  square. 

The  cornice  differd  much  from  the  Qrecian,  having  its  soffit 
flat,  and  the  mutules  square,  with  a  sauare  interval  between 
them.  The  Grecian  drops  in  the  mutules  generally  appear  in 
front,  below  the  mutules ;  but  the  Roman  do  not,  and  are 
sometimes  omitted. 

The  cymatium  is  often  a  cavetto,  with  an  ogee  under  it, 
and  sometimes  a  cyma  recta.  The  mutules  have  a  small  ogee, 
which  runs  round  them,  and  also  round  the  face  they  are 
formed  of;  and  under  the  mutules  are  an  ovolo  and  small  fil- 
let, and  the  flat  fillet  which  runs  round  the  top  of  the  triglyphs 
here  belongs  to  the  cornice,  and  not,  as  in  the  Grecian,  to  the 
frieze. 

In  some  instances,  dentils  appear  to  have  been  used  in  the 
Joric  cornice  at  Rome,  but  there  are  not  many  examples  of 
this  practice. 

The  Roman  Doric  is  susceptible  of  much  ornament,  for  in 
addition  to  the  flutes,  the  guttse  of  the  triglyphs,  and  the  roses 
in  the  soffit  of  the  corona,  the  neck  of  the  capital  has  some- 
times eight  flowers  or  husks  placed  round  it,  the  ovolo  carved, 
and  the  metopes  in  the  frieze  filled  with  alternate  ox  skulls 
and  pater»,  or  other  ornaments.  In  interior  decorations  some- 
times one  or  two  of  the  mouldings  of  the  cornice  are  enriched ; 
but  with  all  this  ornament,  the  Roman  Doric  is  far  inferior,  in 
real  beauty,  to  the  Grecian. 

Ionic  Order. 

As  the  Greeks  and  Romans  difiered  much  in  their  modes  ot 
wofking  the  Doric  order,  so  there  was  considerable  difference 
in  their  execution  of  the  Ionic,  though  by  no  means  so  great 
as  in  the  former. 

The  distinguishing  feature  of  this  order  is  the  capital,  which 
has  four  spiral  projections  called  volutes.  These  in  Greece 
were  placed  flat  on  the  front  and  back  of  the  column,  leaving 
the  two  feides  of  a  diflerent  character,  and  forming  a  balustre ; 
but  this  at  the  external  angle  producing  a  disagreeable  eflect, 
an  angular  volute  was  sometimes  placed  there,  shewing  two 
volutes  to  each  exterior  face,  and  a  balustre  to  each  interior; 
but  this  not  forming  a  good  combination,  a  capital  was  in- 
vented with  four  angular  volutes,  and  the  abacus  with  its  sides 
hollowed  out.  This  is  called  the  modem  Ionic  capital.  In 
the  ancient,  the  list  or  spiral  line  of  the  volute  runs  along  the 
face  of  the  abacus,  straight  under  the  os^e*;  but  in  the 
8^— Vol.  I.  2  A  " 
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modern,  this  list  Bprings  from  behind  the  ovolo,  and  in  the 
hollow  of  the  abacus,  which  is  an  ovolo,  fillet,  and  cavetto«  is 
generally  placed  a  flower. 

The  Ionic  shaft,  including  the  base,  which  is  half  a  diameter, 
and  the  capital  to  the  bottom  of  the  volute  generally  a  little 
more,  is  nine  diameters  high. 

The  pedestaliis  a  little  taller  and  more  ornamented  than  the 
Doric. 

The  bases  used  to  this  order  are  very  various ;  some  of  the 
Grecian  examples  are  of  one  torus  and  two  scotia,  with  astra- 
gals and  fillets ;  others  of  two  large  tori  and  a  scotia  of  small 
projection ;  but  the  attic  base  is  very  often  used,  and  with  an 
astragal  added  above  the  upper  torus,  makes  a  beautiful  and 
appropriate  base  for  the  Ionic. 

The  cornices  of  this  order  may  be  divided  into  three  divi- 
sions ;  1st,  the  plain  Grecian  cornice  ;  2nd,  the  dentil  cornice; 
3d,  the  modillion  cornice. 

In  the  first,  the  architrave  is  often  of  one  face,  the  frieze 
plain,  and  the  cornice  composed  of  a  corona  with  a  deep  soffit, 
and  the  bedmould  moulding  hidden  by  the  drip  of  the  soffit,  or 
coming  very  little  below  it,  and  sometimes  with  a  plain  dentil 
set  close  under  the  corona.  The  cymatium  generally  a  cyma 
recta,  and  ogee  under  it. 

The  second,  which  was  mostly  used  with  the  ancient  capital 
at  Rome,  has  generally  two  faces  in  the  architrave,  and  the 
cornice,  which  is  rather  more  than  one-third  of  the  height  of 
the  entablature,  has  a  corona  with  a  cyma  recta  and  ogee  for 
cymatium,  and  for  bedmould  a  dentil  lace  between  an  ovolo 
and  ogee.     The  soffit  of  the  corona  sometimes  ornamented. 

The  third,  or  modillion  entablature,  has  the  same  architrave, 
frieze,  and  cymatium  of  its  cornice,  as  the  last,  but  under  the 
soffit  of  the  corona  are  placed  modillions,  which  are  plain  and 
surrounded  by  a  small  ogee;  one  must  be  placed  over  the 
centre  of  each  column,  and  one  being  close  to  tne  return  makes 
a  square  pannel  in  the  soffit  at  the  corner,  and  between  each 
modillion,  which  is  often  filled  with  a  flower.  The  bedmould 
belAw  is  generally  an  ovolo,  fillet,  and  cavetto. 

It  was  once  the  custom  to  work  the  Ionic  frieze  projecting 
like  a  torus,  thus  giving  an  awkward  weight  to  an  order  which 
ought  to  be  light.  The  introduction  of  good  Grecian  models 
has  driven  out  this  impropriety,  and  much  improved  the 
present  execution  of  the  order,  which  is  very  beautiful,  if  well 
executed. 

The  Ionic  shaft  may  be  fluted  in  twenty-four  flutes,  with 
fillets  between  them;  these  flutes  are  semi-circular.  This 
order  may  be  much  ornamented  if  necessary,  by  carving  the 


olo  of  the  capital,  the  ogee  of  the  abacus,  and  one  or  two 

nouldiu^s  of  both  architrave  and  cornice;  but  the  ancient 

c  will  look  extremely  well  without  any  ornament  what- 

Corinlhian  Order. 

This  order  originated  in  Greece,  and  the  capital  is  said  to 
have  been  suggested  by  observing  a  tile  placed  ou  a  basket 
left  in  a  garden,  and  round  which  sprung  up  an  acanthus.  All 
the  other  orders  have,  in  various  countries  and  situations, 
much  variety;  but  the  Corinthian,  though  not  witlfout  slight 
I  .Tariations  even  in  the  antique,  is  much  more  settled  in  its  pro- 
portions, and  its  greater  or  less  enrichment  is  the  principal 
source  of  variety. 

The  capital  is  the  great  distinction  of  this  order,  its  height 
8  more  than  a  diameter,  and  consists  of  an  astragal,  fillet,  and 
apophyges,  all  which  are  measured  with  the  shaft,  then  a  bell 
and  horned  abacus.  The  bell  is  set  round  with  two  rows  of 
leaves,  eight  in  each  row,  and  a  third  row  of  leaves  support 
eight  small  open  volutes,  four  of  which  are  under  the  four 
of  the  abacus,  and  the  other  four,  which  are  often  inter- 
woven, are  under  the  central  recessed  part  of  the  abacus,  and 
have  over  them  a  flower  or  other  ornament.  These  volutes 
spring  out  of  small  twisted  husks  placed  between  the  leaves  of 
the  second  row,  and  which  are  called  caulicoks.  The  abacus 
consists  of  an  ovolo,  fillet,  and  cavetto,  like  the  modern  Ionic. 
There  are  various  modes  of  indenting  tlie  leaves,  which  are 
called,  from  these  variations,  acanthus,  olive.  Sic.  The  column, 
including  the  base  of  half  a  diameter,  and  the  capital,  is  ten 
diameters  high. 

If  a  pedestal  is  used,  it  should  have  several  mouldings, 
Borne  of  which  may,  if  necessary,  be  enriched.  The  base  may 
I  be  either  an  attic  base,  or  with  the  addition  of  three  astragals, 
f-jone  over  each  torus,  and  one  between  the  scotia  and  upper 
;  or  a  base  of  two  tori  and  two  scotise,  which  are  divided 
[  by  two  astragals:  one  or  two  other  varieties  are  sometimes, 
f  but  not  often,  used. 

The  entablature  of  this  order  is  very  fine.  The  architrave 
has  mostly  two  or  there  faces,  which  have  generally  small 
ogees  or  heads  between  them. 

The  frieie  is  flat,  but  is  often  joined  to  the  upper  fillet  of 
the  architrave  by  an  apophyges. 

The  cornice  has  both  modiUions  and  dentils,  and  is  usually 
thus  composed :  above  the  corona  is  a  cymatiura,  and  small 
ogee]  under  it  the  modillions,  whose  disposition,  like  the 
Ionic,  must  be  one  over  the  centre  of  the  column,  and  one 
close  to  the  return  of  the  cornice. 
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These  modillions  are  canred  with  a  small  balustre  fronts  and 
a  leaf  under  them;  they  are  surrounded  at  the  upper  part  by  a 
small  ogee  and  fillet,  wnich  also  runs  round  the  face  they  springy  i 

from.  Under  the  modillions  is  placed  an  ovolo,  ana  tnen  a  ^ 
fillet  and  the  dentil  face,  which  is  often  left  uncut  in  exterior  -  vQ 
work.     Under  the  dentils  are  a  fillet  and  ogee.    In  some  cases  i 

this  order  is  properly  worked  with  a  plain  cornice,  omitting 
the  modillions,  and  leaving  the  dentil  face  uncut.  *i\ 

The  enrichments  of  this  order  may  be  very  considerable  ; 
some  of  th^  mouldings  of  the  pedestal  and  base  may  be  en- 
riched. The  shaft  may  be  fluted  as  the  Ionic,  in  twenty-fout 
flutes,  which  may  be  filled  one-third  high  by  staves,  which  is 
called  cabling  the  flutes.  The  small  mouldmgs  of  the  archi- 
trave, and  even  some  of  its  faces,  and  several  mouldings  of  the 
cornice,  may  be  enriched  ;  the  squares  in  the  soffit  oithe  corona 
pannelled  and  flowered,  and  the  frieze  may  be  adorned  with 
carvings.  But  though  the  order  will  bear  all  this  ornament 
without  overloading  it,  yet,  for  exteriors,  it  seldom  looks 
better  than  when  the  capitals  and  the  modillions  are  the  only 
carvings. 

The  Composite  Order. 

The  Romans  formed  this  order  by  mixing  the  Corinthian 
and  Ionic  capitals;  like  the  Corinthian,  the  capital  is  its  prin« 
cipal  distinction.  This  is  of  the  same  height  as  the  Corintnian, 
and*it  is  formed  by  setting,  on  the  two  lower  rows  of  leaves  of 
the  Corinthian  capital,  the  modern  Ionic  volutes,  ovolo,  and 
abacus.  The  small  space  left  of  the  bell  is  filled  by  caulicoles^ 
with  flowers,  and  the  upper  list  of  the  volute  is  often  flowered. 

The  column  is  of  tne  same  height  as  the  Corinthian,  and 
the  pedestal  and  base  difier  very  little  from  those  of  that  order, 
the  pedestal  being  sometimes  a  little  plainer,  and  the  base 
having  an  astragal  or  two  less. 

The  entablature  mostly  used  with  this  order  is  plainer  than  \ 
the  Corinthian,  having  commonly  only  two  faces  to  the  arohi- 
trave,  the  upper  nlouldings  being  rather  bolder ;  and  the  cor- 
nice is  difierent,  in  having,  instead  of  the  modillion  and  den- 
til, a  sort  of  plain  double  modillion,  consisting  of  two  faces, 
the  upper  projecting  farthest,  and  separated  from  the  lower  by 
a  small  ogee.  Under  this  modillion  is  commonly  a  large  ogee 
astragal  and  fillet. 

A  plain  cornice,  nearly  like  that  used  to  the  Corinthian  or- 
der, is  sometimes  used  to  this  order,  and  also  a  cornice  with  the 
modillions  bolder,  and  cantalivers  under  tliem  in  the  frieze. 

This  order  may  be  enriched  in  the  same  manner  as  the 
Corinthian. 
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Having  gone  through  the  most  usual  forms  and  distirctiona 
of  the  orders,  it  is  proper  to  say,  that,  even  in  Greece  and 
Rome,  we  meet  with  specimens  nhose  proportions  and  compo- 
sition ilo  not  agree  with  either  of  them.  These  are  comprised 
under  the  general  name  of  composed  orders,  and  though  some 
are  beautiful  as  small  works,  scarcely  any  of  the  ancient  ones 
are  worthy  of  imitation  in  large  buildings,  and  modern  compo- 
sition has  run  very  wild,  and  produced  scarcely  any  thing 
worth  prolonging  by  description.  There  was,  however,  one 
attempt  of  a  singular  kind,  made  some  years  since  by  an  archi- 
tect at  Windsor,  who  published  a  magnificent  treatise,  and 
executed  one  portico  and  a  few  door-cases  mand  near  Windsor. 
This  was  II.  Emlyn,  who  conducted  the  restoration  of  St, 
George's  chapel.  His  order,  he  says,  was  first  brought  into 
hia  mind  by  the  twin  trees  in  Windsor  forest.  He  makes  aa 
oval  shaft  rise  about  one-fourth  of  its  height,  and  then  two 
round  shafts  spring  from  it  close  to  each  other,  and  the  dimi- 
nution ali'ords  space  for  two  capitals,  which  have  volutes,  and, 
instead  of  leaves,  feathers  like  the  caps  of  the  knights  of  the 
garter.  His  entablature  has  triglyphs,  and  his  cornice  mutuleB. 
The  triglyphs  are  ostrich  feathers,  the  gutts  acoros,  and  th« 
metopes  are  filled  with  the  star  of  the  garter. 

To  conceal  the  awkward  junction  of  the  two  columas  to  the 
lower  part,  an  ornament  is  placed  there,  which  is  a  trophy  with 
the  star  of  the  garter  in  the  centre. 

It  is  obvious  that  this  order  must  be  extremely  unmanage- 
able, as  it  is  difBcutt,  and  indeed  almoEt  impossiole,  to  makf 
a  good  angle  column,  and  if  its  entablature  is  proportioned  tc  - 
the  diameter  of  one  column,  it  will  be  too  small;  if  to  thf 
whole  diameter,  it  will  be  too  heavy,  and  &  mean  will  give  the 
capitals  wrong;  so  that  in  any  shape  some  error  arises.  L« 
the  portico  above  mentioned,  the  entablature  is  so  light  as  to 
appear  preposterous.  This  attempt  is  not  generally  known, 
as  the  book  was  very  expensive,  and  the  portico  at  a  distance 
from  a  public  road ;  but  it  deserves  consideration,  becausa, 
though  the  idea  was  new,  its  execution  seems  completely  to 
have  failed  j  and,  indeed,  in  large  designs,  no  composed  order  • 
has  ever  yet  appeared  that  can  come  into  competition  with  a 
scrupulous  attention  to  those  excellent  models  of  Greece  aod 
Rome,  now,  through  the  effects  of  graphic  art,  happily  M 
familiar  to  almost  every  English  architect. 


182  BUILDING. 


DunbOitj  of  the  brieki  of  the  ftncienti. — ^Meant  of  equalling  them.  • 


BUILDING. 


Bricklaying  is  the  art  of  building  with  bricks. 

Of  Bricks. 

Preyious  to  entering  upon  details  belonging  exclusively  to 
the  art  of  bricklaying;,  we  shall  introduce  an  account  of  the 
manufacture  and  dilSerent  sorts  of  bricks. 

On  comparing  the  strength  and  durability  of  modern  bricks 
with  those  of  the  ancients,  it  is  evident  that  the  former  are  in 
every  respect  inferior.  The  ancients  appear  not  only  to  have 
selected  the  best  sort  of  clay,  but  to  iiave  combined  it  with 
other  ingredients  well  adapted  to  improve  its  properties.  Pro- 
fessor Pallas,  on  his  last  journey  through  the  southern  pro^ 
vinces  of  Russia,  discovered,  in  the  stupendous  Tartar  monii* 
ments,  bricks  which  would  scarcely  yield  to  the  hammer. 
Another  circumstance  contributing  materially  to  the  excellence 
of  the  bricks  and  tiles  manufactured  by  the  ancients,  arose 
from  their  burning  them  uniformly,  after  they  had  been  tho- 
roughly dried.  No  doubt  can  be  entertained,  that  if  modem 
brickmakers  were  to  pay  more  attention  to  their  art,  by  dig- 
ging the  clay  at  proper  seasons^  exposing  it  much  longer  to  the 
air  than  is  done  at  present,  working  it  sufficiently,  bestowii^ 
more  care  upon  the  burning  of  the  bricks,  and  that  the  latter 
operation  may  be  done  uniformly,  making  them  much  thinner 
than  is  prescribed  by  the  standard  form,  we  should  be  provided 
with  bricks  equal  in  point  of  strength  and  durability  to  the 
best  of  former  times.  In  a  variety  of  instances,  persons  may 
have  it  in  their  power  to  obviate  some  of  these  causes  of  de- 
fect, and  it  is  therefore  proper  to  mention  them ;  but  the  state 
of  society  is  not  favourable  to  any  general  change  in  the  syg- 
tem  which  brickmakers  pursue ;  the  expedition  with  whicn  a 

Siven  number  of  bricks  can  be  furnished,  and  the  cheapness  of 
lie  rate  at  which  they  can  be  manufactured,  are  to  tnem  the 
primary  objects  of  consideration;  and  the  speculative  builder 
cares  little  about  the  real  value  and  durability  of  his  edifice, 
provided  the  difference  between  the  cost  and  sale  price  is  suf- 
ficiently ample  to  recompense  him  to  his  satisfaction. 

It  is  an  erroneous  notion  that  bricks  may  be  made  of  any 
earth  that  is  not  stony,  or  even  of  sea  ouse ;  too  much  sand 
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entering  into  their  composition,  renders  them  heavy  and  brittle, 
ttriid  too  much  fat  argillaceous  matter  causes  them  to  crack  in 
drying :  those  only  will  bam  red  which  contain  iron  particles. 
In  England  the^  are  chiefly  made  of  a  motley,  yellowish,  or 
somewhat  reddish  fat'  clayey  earth,  commonly  called  loam. 
Those  of  Stourbridge  clay,  and  Windsor  loam,  are  esteemed 
the  most  proper  ana  durable  bricks,  and  they  will  stand  very 
high  degrees  of  heat  without  melting.  The  earth  for  this  manu- 
facture should  not  contain  too  many  calcareous  and  ferruginous 
ingredients;  as  the  former  prevent  the  mass  from  becoming 
firm  in  burning,  and  occasion  the  bricks  to  crumble  when  ex- 
posed to  the  air ;  while  a  superabundance  of  iron  particles  re- 
tards the  preparation  of  bricks  so  much  as  often  to  occasion 
considerable  difficulty  in  giving  them  due  consistence.  This 
inconvenience  may,  however,  oe  remedied,  by  allowing  the 
clay  to  lie  a  considerable  time  under  the  influence  of  the  atmo- 
sphere, then  soaking  it  in  pits,  and  afterwards  working  it  well 
in  the  ususll  manner.  The  common  potter's  clay,  which  is  also 
employed  in  the  manufacture  of  bricks,  is  opaque,  imparts  a 
slight  colour,  sometimes  yellowish,  bluish,  greenish,  but  more 
frequently  of  different' shades  of  light  grey;  when  kneaded  and 
spread,  it  becomes  smooth  and  glossy;  it  is  soft,  fat,  and  cold, 
somewhat  agreeable  to  the  touch,  slightly  adheres  to  the 
tongue,^  has  a  fine  earthy  fracture,  and  is  very  plastic.  When 
of  tne  best  qualitVy  it  is  not  remarkable  either  for  its  lightness, 
or  weight.  Bv  chemical  examination  it  is  found  to  consist  of 
thirty-seven  parts  of  pure  argillaceous  or  clayey  earth,  and 
sixty-three  parts  of  siliceous  or  flinty  earth. 

Of  whatever  description  the  earth  intended  for  bricks  may 
be,  it  ought  to  be  dug  after  midsummer,  that  is,  between  the 
beginning  of  July  and  the  latter  end  of  October,  before  the 
first  frost  appears ;  it  should  be  repeatedly  worked  with  the 
spade  during  the  winter,  and  not  formed  into  bricks  till  the 
following  spring.  If  the  earth  were  not  used  till  two  or  three 
years  after  it  had  been  dug,  the  quality  of  the  bricks  produced 
would  be  very  materially  improved ;  and  in  all  cases,  the 
oftener  it  is  turned  and  the  more  completely  it  is  incorporated, 
the  better  will  be  the  bricks. 

The  clay,  before  it  is  put  into  pits  for  soaking,  must  be 
broken  as  small  as  possible,  and  allowed  to  lie  at  least  ten  days ; 
eyery  stratum  of  twelve  inches  should  be  covered  with  water, 
in  order  that  it  may  be  uniformly  softened.  Two  pits,  at  least, 
will  be  necessary  for  every  brick  manufactory,  so  that,  after 
having  been  suffered  to  remain  for  five  days,  the  second  may 
be  prepared,  and  thus  the  manufacture  carried  on  without  in- 
terruption.   The  earth  should  as  much  as  possible  be  divested 
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of  Stony  particles,  and  other  extraneous  matter,  and  should 
have  sufficient  time  to  mellow  and  ferment,  otherwise  it  will  be 
difficult  to  temper.  On  the  treading  and  tempering,  twice  the 
customary  quantity  of  labour  ought  to  be  bestowed.  Much 
of  the  goodness  oi  bricks  depends  upon  the  proper  manage-* 
ment  of  its  first  preparation,  for  the  earth  itself,  previous  te 
its  being  wrought,  possesses  very  little  tenacity ;  but  by  long^ 
expqsure  to  the  air  and  frost,  and  thoroughly  working  and  in- 
corporating it  together,  it  is  converted  into  a  tough,  gluey 
substance,  in  which  state  alone  it  is  fit  for  moulding. 

In  the  vicinity  of  London,  coal  ashes,  and  in  other  parts  of 
the  country,  light  sandy  earth,  is  usually  mixed  With  the  clay, 
which,  by  such  addition,  is  more  easily  and  expeditiously 
wrought,  and  requiring  rather  less  fuel,  occasions  some  saving 
in  the  expense  of  burning  the  bricks;  but  here  the  advantages 
of  it  terminate ;  in  other  respects  it  is  injurious  rather  than 
otherwise.  If  in  tempering  the  earth,  too  much  water  be 
used,  the  bricks  become  dry  and  brittle;  but  if  duly  tern* 
pered,  they  will  be  smootli,  solid,  hard,  and  durable.  A 
brick  properly  made,  requires  nearly  as  much  earth  as  a 
brick  and  a  lialf  made  in  the  common  way,  when  too  great 
a  proportion  of  water  has  been  added,  which  tends  to  render 
the  bricks  spongy,  light,  and  full  of  flaws.  As  bricks  made 
in  the  best  manner  are  more  solid  and  ponderous  t^an  the 
common  ones,  they  require  a  much  longer  time  to  dry; 
they  ought  not  to  be  burnt  till  they  will  give  a  hollow 
sound  on  collision.  Proper  attention  to  the  drying  of 
bricks  is  necessary  to  prevent  their  cracking  and  crumbling 
in  the  kiln. 

Of  whatever  materials  the  kiln  be  constructed,  each  burn- 
ing of  from  six  to  ten  thousand  bricks  requires  the  fire  to  be 
kept  up  at  least  for  twenty-four  hours,  and  double  that  time 
for  a  number  of  from  twelve  to  fifty  thousand.  The  uniform 
increase  of  heat  deserves  particular  attention;  its  duration 
should  be  regulated  according  to  the  season :  in  cold  weather 
fire  burns  most  fiercely.  During  the  last  twenty-four  hours^ 
the  fire  should  be  uninterruptedly  supported  by  means  of 
flues;  but  afterwards  the  fire  should  not  be  suddenly  closed, 
as  there  is  always  some  danger  of  bursting  the  flues  or  melt- 
ing the  bricks. 

The  following  experiment,  by  Gallon,  made  with  a  view 
to  ascertain  the  difference  in  the  quality  of  bricks  differently 
manufactured,  deserves  to  be  generally  known.  A  certain 
quantity  of  the  earth  prepared  for  moulding  into  bricks  waa 
taken  for  the  experiment;  at  the  end  of  seven  hours,  it  was 
moistened  (>,nd  beaten  for  the  space  of  thirty  minutes.    The 
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next  morning  the  same  operation  was  repeated  for  an  equal 
length  of  time;  in  the  afternoon  it  was  a^ain  beaten  for  fif- 
teen minutes.  Thus  this  earth  had  not  only  been  worked  for 
an  hour  and  a  quarter  longer  than  usual,  but  at  three  diHerent 
times;  the  consequence  was,  that  its  density  was  increased; 
for  a  brick  made  of  it  weighed  five  pounds  eleven  ounces,  while 
ftnother  brick  made  in  the  same  mould,  of  the  earth  that  had 
not  received  this  prepftration,  weighed  only  five  pounds  seven 
ounces.  The  two  sorta  of  bricks  were  dried  in  the  air,  for  the 
space  of  thirteen  days ;  they  were  then  burnt  with  others,  with- 
out any  particular  precautions,  and  when  they  were  taken  from 
the  kiln,  it  was  found  that  the  bricks  made  of  the  earth  which 
bad  been  most  worked,  still  weighed  four  ounces  more  than 
the  others,  each  having  lost  five  ounces  by  the  evaporation  of 
the  moisture.  They  differed  also  very  remarkably  in  strength; 
for  on  placing  them  with  the  centre  on  a  sharp  edge,  and  load- 
ing the  two  ends,  the  bricks  formed  with  the  well-tempered 
earth  were  not  broken  with  a  leas  weight  than  sixty-five  pounds," 
or  one  hundred  and  thirty  pounds  in  all ;  while  the  others  were 
broken  with  thirty-five  pounds  at  each  end,  or  seventy  pounds 
in  the  whole.  That  the  quality  of  bricks  should  be  improved, 
by  bestowing  more  labour  upon  the  preparation  of  the  eartli, 
will  hardly  excite  surprise,  tnough  the  degree  of  the  improve- 
ment, as  Just  stated,  may  certainly  be  considered  remarkable; 
butthere  IS  another  mode  ofstrengthening  these  artificial  stones, 
still  more  extraordinary,  and  not  so  easily  to  be  accounted  for. 
Gotdh^m  observes,  that  bricks  which  have  been  once  burnt, 
then  steeped  in  water,  and  burnt  again,  become  doubly  strong. 
We  know  not  that  this  observation,  which  is  repeated  without 
comment,  by  nearly  all  the  writers  who  have  occasun  to  treat 
of  this  subject,  will  always  be  verified  in  practice,  but  it  de- 
serves attention,  from  tfie  number  and  respectability  of  the 
writers  who  liave  contributed  to  give  it  currency. 

When  the  earth  is  sufficientiy  prepared,  it  is  brought  to  the 

bench  of  the  moulder,  who  works  the  clay  into  the  brickmould, 

which  he  has  previously  dipped  in  dry  sand  lying  near  him  for 

the  purpose;  lia  then  strikes  off  the  superfluous  soil  with  a  flat 

smooth  stick,  which  is  dipped  lu  water  before  it  is  used-    The 

bricks,  us  they  are  delivered  from  the  mould,  are  ranged  on  the 

ground,  with  a  small  interval  between  each;  in  piling  row 

upou  row,  they  are  laid  rather  cronswise,  and  sand  is  thrown 

over  them,  to  prevent  their  adhering  to  each  otlier.    As  soon  as 

they  have  acquired  sufTicieiit  hardness  to  admit  of  handling, 

.  they  are  dressed  with  a  knife,  lurned,  uiirl  reset  more  open. 

[  A  gang,  consisting  ol'iiix  ptiuoos.  inll  ninku  twenty  thousand 

I  bricks  in  the  cource  of  a  week.     The  tinw  required  fordryinir 
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them  necessarily  varies  with  the  state  of  the  weather;  if  this  be 
favourable,  fourteen  or  sixteen  days  will  often  be  sufficient.  la 
showery  weather,  the  piles  are  usually  protected  from  its  bad 
effects  by  some  cheap  covering,  such  as  9traw,  or  old  light 
boards.    In  grounds  not  extensive,  sheds  are  often  erected. 

When  the  oricks  have  been  sufficiently  dried  in  the  air,  they 
are  burnt,  which  is  done  either  in  a  kiln,  or  in  a  stack,  technn 
cally  called  a  clamp.  The  kilns  are  usually  made  large  enough 
to  burn  twenty  thousand  bricks,  being  about  thirteen  feet 
long,  ten  feet  broad,  and  twelve  feet  in  height.  The  aperture 
is  diminished  by  contracting  the  walls  towards  the  top,  where 
the  area  is  about  one-tenth  smaller  than  below.  The  thick- 
ness of  the  walls  should  at  least  be  a  brick  and  a  half.  Bricks 
are  burned  in  kilns  with  less  fuel,  and  with  greater  uniformity 
and  expedition,  than  in  clamps.  When  they  have  been  set  or 
placed  in  the  kiln,  they  are  covered  with  pieces  of  bricks  or 
tiles,  and  dried  by  kindling  a  gentle  fire,  which  is  kept  up  for 
two  or  three  days,  or  till  the  smoke  becomes  light.  More 
fuel  is  then  added,  and  the  mouth  or  mouths  of  me  kiln  are 
nearly  closed  with  bricks  and  wet  clay ;  as  soon  as  the  archea 
of  the  kiln  look  white,  and  the  fire  begins  to  appear  at  the 
top,  they  slacken  the  heat  for  an  hour,  and  let  all  cool  by  de- 
grees. This  they  continue  to  do,  alternately  heating  and 
slacking,  till  the  bricks  are  thoroughly  burnt,  which  is  usually 
effected  in  forty-eight  hours. 

The  stacks  or  clamps  are  built  of  the  bricks  themselves. 
The  foundation  is  commonly  somewhat  raised  from  th^  sur- 
rounding ground,  and  of  an  oblong  form;  the  sides  slant  in- 
wards a  little  towards  the  top ;  hence  the  clamp,  in  its  figure, 
is  a  truncated  pyramid.  Flues,  about  the  length  of  a  brick  ia 
breadth,  are  made  entirely  through  the  clamp  ;  they  are  about 
six  feet  apart  when  the  burning  is  to  be  hastened,  otherwise 
they  are  made  about  nine  feet  from  each  other.  The  arching 
of  the  flues  is  performed  by  laying  the  successive  layers  of 
bricks  a  little  over  the  edge  of  those  below  them,  till  they 
nearly  meet,  and  then  a  binding  brick  at  the  top  finishes  the 
arch.  In  every  direction,  the  bricks  are  separated  from  each 
other  by  a  stratum  of  coals  and  cinders.  To  facilitate  setting 
fire  to  the  clamp,  a  quantity  of  wood  is  laid  with  the  coal  in 
the  flues.  When  the  fire  is  kindled,  if  it  burn  strongly,  o*-  the 
weather  is  precarious,  they  plaster  the  outsides  of  tiie  clamp 
with  clay,  and  close  the  apertures  of  the  flues.  On  the  top  of 
the  clamp,  a  thick  layer  of  breese  (cinders)  are  uniformly  laid. 
When  the  whole  of  the  fuel  is  consumed,  the  numufacturer 
concludes  that  the  bricks  are  sufficiently  burnt.  The  opera- 
tion requires  from  twenty  to  thirty  days,  according  to  tlie 
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of  fuel,  the  proximity  of  ihe  flues,  and  ihe  state  of 
,^  weather.  . 

The  ditferent  kinds  of  bricks  made  in  this  co*  ntry  art,  prin- 
cipally, place  bricke,  |;i'ey  and  red  stocks,  marl  facing  bricks, 
and  cutting  bricks.  The  place  bricks  and  stocks  are  used  in 
common  walling ;  the  marls  are  made  in  the  Deighbourhood  of 
London:  theseare  very  beautiful  bricks,  of  a  fine  yellow  colour, 
hard,  and  (veil  burnt,  and  in  every  respect  superior  to  the 
stocks.  The  finest  kind  of  marl  and  red  bricks  are  called  cot- 
ting  bricks;  they  are  used  in  the  arches  over  windows  and 
doors,  being  rubbed  to  a  centre,  and  gauged  to  a  height. 

An  acre  of  land,  including  the  ashes  mixed  with  the  earth, 
is  computed  to  yield  about  one  million  of  bricks  fur  every  foot 
in  depth.  The  brick  mould  is  ten  inches  in  length,  and  three 
in  breadth,  and  the  finished  bricks  are  about  nine  iuches  long, 
four  and  a  half  broad,  and  two  and  a  half  thick.  Diiferent 
q^oalitics  of  earth,  however,  produce  bricks  of  different  dimen- 
sions from  the  same  mould;  and  even  the  ttame  earth,  in  pro- 
portion as  it  is  more  or  less  wrought  or  burnt,  exhibits  similar 
results. 

It  is  extremely  probable  that  bricks,  properly  made,  would 

rrove  superior  la  durability  to  almost  every  kind  of  stone. 
a  Holland,  the  streets  are  everj-  where  paved  with  a  hard  kind 
of  bricks,  known  by  us  under  the  name  of  clinkers,  which  are 
often  imported  into  this  country,  and  used  for  paving  stables 
and  court  yards ;  and  houses  in  Amsterdam  which  have  stood 
more  than  two  centuries,  so  far  from  being  decayed,  appear 
perfectly  fresh,  as  if  new. 

The  numerous  patents  which  have  been  granted  for  tlie 
making  of  bricks,  appear  to  have  had  improvements  in  the 
formalionof  the  article  for  their  principal  object,  without  much 
regard  to  the  materials  of  which  it  is  composed.  Cartwright's 
patent,  the  exclusive  privilege  conferred  by  which  has  now 
expired,  is  perhaps  one  of  the  most  important.  His  improve- 
ment consists  in  giving  bricks  such  a  shape  or  form  that  they 
Bhall  mutually  lock  or  cramp  each  other.  The  principle  of  his 
invention  may  be  understood,  by  supposing  the  two  opposite 
■ides  of  a  common  brick  to  have  a  groove  or  rabbet  down  the 
aaiddie,  a  little  more  than  half  the  width  of  the  side  of  the 
brick  in  which  it  is  made;  there  will  then  be  left  a  shoulder 
on  each  side  of  the  groove,  each  of  which  shoulders  will  be 
nearly  equal  to  one  quarter  of  the  width  of  the  side  of  the 
brick,  or  to  one-half  of  the  groove  or  rabbet.  A  course  of 
these  bricks  being  laid  shoulder  to  shoulder,  they  will  form  an 
indented  line  of  nearly  equal  divisions ;  the  grooves  or  rabbets 
being  somewhat  wider  Inan  the  two  adjoining  shoidders,  to 
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allow  for  mortar,  &c.  When  the  next  course  comes  on,  the 
shoulders  of  t}^p  bricks  which  compose  it^will  fall  into  the 
grooves  of  the  first  course ;  and  the  shoulders  of  the  first 
oourse  will  fit  into  the  grooves  or  rabbets  of  the  second,  and 
so  on.  This  configuration  of  the  bricks  is  to  be  preferred,  as 
it  is  perfectly  simple ;  but  the  principle  will  be  preserved  by 
whatever  form  of  indenture  they  lock  or  cramp  each  other. 
For  the  purpose  of  turning  the  angles,  it  may  be  expedient  to 
have  bricks  of  such  a  size  and  shape  as  to  correspond  with 
each  wall  respectively^  though  this  is  not  absolutely  necessary, 
as  the  grooves  in  the  bricks  of  each  wall,  where  they  cross  or 
meet  each  other,  may  be  levelled,  and  the  bricks  lap  over  as 
in  the  common  mode.  For  the  purpose  of  breaking  the  joiatt 
in  the  depth  of  the  wall,  bricks  will  be  required  of  different 
lengths,  though  of  the  same  width.  Buildings  constructed 
with  bricks  of  this  principle,  will  require  no  bond  timber,  one 
universal  bond  running  through  and  connecting  the  whole 
building  together ;  the  walls  of  which  can  neither  crack  nor 
bule^e  out,  without  breaking  through  the  bricks  themselves. 
When  bricks  of  this  form  are  used  for  the  construction  of 
arches,  the  sides  of  the  grooves  or  rabbets,  and  the  shoulders, 
should  be  the  radii  of  the  circle  of  which  the  intended  archie 
to  be  the  segment.  In  forming  an  arch,  the  bricks  must  be 
coursed  across  the  centre  on  which  the  arch  is  turned,  and  a 
grooved  side  of  the  bricks  must  face  the  workman.  It  may 
be  expedient,  though  not  absolutely  necessary,  in  laying  the 
first  two  or  three  courses  at  least,  to  begin  at  the  crown  and 
work  downwtirds.  The  bricks  may  be  either  laid  in  mortar,  or 
dry,  and  the  interstices  afterwards  filled  and  wedged  up,  by 
pouring  in  lime  putty,  plaster  of  Paris,  grouting,  or  any  other 
convenient  material,  at  the  discretion  of  the  workman  or 
builder.  Arches  on  this  principle,  it  is  stated,  having  no  la<^ 
teral  pressure,  can  neither  expand  at  the  foot,  nor  spring  at 
the  crown,  consecjuently  they  will  want  no  abutments,  reqair- 
ing  only  perpendicular  walls  to  be  let  into,  or  to  rest  upon ; 
and  they  will  want  no  incumbent  weight  upon  the  crown  to 
prevent  their  springing  up,  a  circumstance  often  of  great  im- 
portance in  the  construction  of  bridges.  Another  advantage 
attending  this  mode  oif  arching  is,  timt  the  centres  may  be 
struck  immediately ;  9q  that  the  same  centre  (which  in  no  case 
need  be  many  ff?et  if  ide,  whatever  may  be  the  breadth  of  the 
arch,)  may  be  reghlarly  shifled  as  the  work  proceeds.  But  the 
^eatest  and  most  etriking  advantage  attenoing  this  invention, 
18  the  absolute  security  it  affordls  (and  at  a  very  reasonable 
rate)  against  the  possibility  of  fire ;  for,  from  the  peculiar  pro- 
perties of  this  arch,  requiring  no  abutments,  it  may  be  laid 


upon,  or  let  into,  common  walla,  no  stronger  than  what  are 
teqiiired  for  timbers,  of  which,  precluding  the  necessity,  it 
saves  the  expense.  A  more  jinriiculnr  iicconntT)f  this  inven-, 
tioo,  illustrated  by  two  plates,  may  be  seen  in  the  third 
volume  of  the  "  Repertory  of  Arts  and  ManufacturcB." 

In  17^8,  Francis  Farquharson,  of  Birmin^hnm,  obtained  m 
patent  for  making  bricks  and  tiles  by  machinery,  and  indeed   . 
the  use  of  horse  power,  in  working  the   flay,  is  now  very 


Whilmore  Davis,  of  Castle  Comber,  in  the  county  of 
Kilkenny,  Ireland,  observed  some  persons  in  the  vicinity  of  a 
colliery,  to  employ  a  mortar,  fur  the  backs  of  their  grates, 
which  in  a  short  time  became  verj  hard.  This  substaiKa 
he  found,  on  inquiry,  to  be  what  miners  term  seat-coal,  or 
that  fossil  which  lies  between  coal  and  the  rock.  It  hag 
been  examined  by  Kirwan,  who  is  of  opinion  that  it  will, 
when  mixed  with  a  due  proportion  of  clay,  produce  a  kind  of 
bricks,  capable  of  resisting  the  action  of  fire,  and  conse* 
quenlly  well  calculated  for  furnaces,  or  similar  structures. 
The  discovery  of  the  use  of  this  substance  is  considered  im* 
portant,  and  it  is  further  observed,  that  seat-coal,  properly  . 
prepared,  will  answer  every  purpose  of  tarras,  for  buildingi 
beneath  water. 

In  building,  a  considerable  waste  of  time  arises  from  the 
necessity  of  making  bricks  less  than  the  comraou  size,  to  suit 
particular  situations.  Nor  is  thb  waste  of  time  the  sole  loss; 
in  attempting  to  divide  a  brick,  especially  in  the  direction  of  i 
its  leugtb,  one  half  of  it  is  generally  reduced  to  useless  splin- 
ters; but  bricks  have  lately  been  made,  which  in  their  soft  . 
stale  were  nearly  cut  through  by  pressing  a  wire  upon  them; 
they  can  then  be  divided  by  a  single  blow:  a  proportion  of 
them  along  with  the  common  sort,  produces  on  the  whole  a 
saving  of  some  moment. 

It  is  of  considerable  importance  to  examine  clay  before  it  is  ' 
made  into  bricks,  in  order  to  ascertain  whether  any  additioa 
can  be  made  to  it  which  will  improve  its  quality.     According 
to  the  observation  of  Bergman,  the  proportion  of  sand  to  be 
used  with  any  clay,  must  be  greater,  the  more  such  clay  is 
found  to  contract  in  burning,  but  the  best  clays  are  stich  as 
reauire  no  sand.     This  illustrious  chemist  recommends  thfe  r 
following   mode   of  analysis  to   manufacturers:    Nitric  acid  « 
poured  upon  unburned  clay,  detects  the  presence  of  lime,  by  J 
producing  an  effervescence.     Calcareous  clays,  or  marls,  are  . 
often  the  fittest  materials  for  making  bricks.     In  the  next  • 
place,  a  lump  of  clay,  of  a  given  weignt,  is  to  be  diffused  in 
water  by  agitation.     The  sand   will  subside,  and   the  clay 
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remain  saspended.  Other  washings  of  the  residue  will  carry 
off  some  clay,  and  by  due  management  in  this  way,  the  sand» 
or  quartzose'^matter,  may  be  had  separate.  Nitric  acid  by 
digestion  will  take  up  the  lime  from  a  part  of  the  clay,  pre- 
viously weighed,  and  this  may  be  precipitated  by  volatile 
alkali.  The  clay,  the  sand,  and  the  lime,  may  thus  be  well 
enough  ascertained  by  weighty  so  as  to  indicate  the  quaii* 
tity  of  sand  or  other  material  requisite^  to  be  added,  in 
order  to  form  that  compound,  which,  from  other  experiments* 
may  have  been  found  best  adapted  to  produce  good  tiles  and 
bricks.  ,  An  examination  with  the  microscope  will  shew 
whether  the  sand  contain  feld  spar  or  other  stones  of  known 
figure. 

Paving  tiles  are  a  long  flat  kind  of  brick,  used  for  laying 
the  floors  of  kitchens,  dairies,  cellars,  &c.  Two  or  tnree 
sizes  of  them  are  generally  made ;  the  least  of  English  manu- 
facture are  about  the  same  length  and  breadth  as  common 
bricks ;  the  largest  are  about  twelve  inches  square ;  a  middle 
size,  about  nine  inches  square,  is  also  in  common  use.  The 
thickness  of  all  the  sizes  of  paving  tiles  is  only  about  an  inch 
and  a  half.  They  are  made  of  the  strongest  kind  of  clay,  and 
well  burnt.  Paving  tiles  or  bricks  look  the  best  when  laid 
diaj?onally. 

The  most  common  tiles  for  roofs,  are  those  called  pan  tile^» 
which  are  thirteen  inches  long  and  eight  broad,  and  about 
half  an  inch  thick ;  they  are  curved  in  the  direction  of  their 
length,  so  that  their  transverse  section  is  a  figure  of  contrary 
curvature,  like  the  letter  c/}  ;  the  hollow  of  one  side  serves  as 
a  channel  for  the  rain,  and  for  that  purpose  is  made  of  greater 
radius  than  the  other,  which  is  employed  to  overlap  the  edge 
of  the  adjoining  tile.  The  tile,  at  the  upper  end  of  its  under 
surface,  has  a  knob,  by  which  it  is  hung  to  the  lath.  Tiles 
constitute  a  very  heavy  covering,  and  require  the  laths  by 
which  they  are  supported  to  be  proportionately  strong;.  The 
laths,  for  pan  tiles,  are  about  three-quarters  of  an  inch  thick, 
and  an  inch  and  a  quarter  broad  ;  they  are  generally  made  of 
deal.  The  other  sorts  of  tiles  are  chiefly  plain  tiles,  hip  tiles, 
and  ridge  tiles ;  the  latter  resemble  half  a  hollow  cylinder, 
and  are  laid  on  the  ridges  of  houses.  Ridge  tiles  are  required 
by  statute  to  be  thirteen  inches  in  length,  and  six  inches  and 
a  half  in  breadth.* 


Brick'WmteTt  or  water  impregnated  with  the  cootenti  of  bricka  or  tilea,  it 
possessed  of  properties  so  remarkable,  and  at  the  same  time  ao  pemicioaa  la 
their  effecla,   when  used   for  calinary  porpoacs,  that  wo  canoot  rtfuam  a  pliM  lO 
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i  Holland,  they  frequently  glaze  their  roofing  tiles,  whicil 
eases  thtir  durability,  but  considerably  enhauces  the  price 
of  them.  The  early  destruction  of  unglazed  tiles  U  occasioned 
by  the  moisture  they  imbibe ;  for  ivhen  the  water  has  sunk  into 
them,  they  break  with  the  action  of  the  frost.  Sonini  has, 
however,  discovered  an  excellent  preventive  of  this  effect, 
nearly  equal  to  glazing,  and  very  cheap  :  he  directs  ua  to 
brush  over  the  tiles  with  tar,  after  they  have  been  well  warmed 
in  the  sun.  Tiles  which  have  been  craoked  by  the  frost,  may 
be  preserved  from  the  further  influence  of  the  same  cause,  by 
the  like  application. 

By  stilt.  2,  Geo.  2,  cap.  15,  any  two,  three,  or  more  per- 
sons, appointed  by  the  justices  of  the  peace,  are  empowered, 
within  fifteen  miles  of  London,  to  go  in  the  day  time,  into 
any  grounds,  slieds,  or  places,  where  any  clay  or  earth  shall 
be  digged  or  digging,  for  bricks  or  pan  tiles,  or  any  bricks 
or  pan  tiles  shall  be  making  or  made  for  gale,  and  there  to 
search  for,  view,  and  inspect  the  same,  &c. — Offenders  to 
forfeit  twenty  shillings  for  every  thousand  of  unstatutable 
bricks,  and  ten  shillings  for  every  thousand  of  such  tiles; 
one  half  of  the  fine  to  the  prosecutor,  and  the  other  to 
he  poor  of  the  parish  in  which  the  offence  shall  be  com- 
.-nitted. 

By  Stat.  Geo.  2,  cap.  22,  there  may  be  mixed  with  the  brick 
earth  any  quantity  of  sea-coal  ashes,  sifted  or  skreened  through 
a  sieve  or  skreen  half  an  inch  wide,  and  not  exceeding  twenty 
loads  to  the  making  of  100,000  bricks,  each  load  not  exceeding 
thirty-six  bushels.  And  bree&e  may  be  mixed  with  coal  in 
the  burning  of  bricks  in  clamps  for  sale,  &c.  Stock  bricks 
and  place  bricks  may  be  burned  in  the  same  clamp,  provided 
that  the  stock  bricks  be  set  in  one  distinct  parcel,  and  not 
mixed  and  surrounded  with  place  bricks. 

By  Stat.  10,  Geo.  3,  cap.  49,  the  earth  for  making  bricks 
must  be  turned  at  least  once  after  it  is  dug,  before  it  is  made 
into  bricks. 


the   following  carioM   «i|>criBiCDl   in«ii»  bj    Dr.  P«rciT«l,  ud   »UI«a   ia   Ihe   ( 
folama    a(  hii  Em»j*.      Ha  ilccped  too   ot   Ihtte  pieo«t  of  eoDDiDo   brUk,   t 
diji    in  ■  bum   roll    ot   diilillcil    wiUi,    wbisli    ba   ■fUimrd*    decnntcd   off,    i    , 
cxunincd  bj'  lations    cbemiul    laili.      It  wu   not   mifcihlo    i«!Ui    loip ;    itnick  s    I 
lirclj    pean    nilh    tjrap    ot   rioleli,    brcnna   (lighllf   laoletccnl    bj    the    TolatUm    ' 
kikili,  bat  cBliielj   milk.;  bj  llie  Gted  iilkaJi,  ud  bj  ■  (olDlion  of  mgar  of  tti/L 
Mo    chaoga    wu    produced    an   jl   bj    an    inrunioD    at  lomcnlil    root.     Uoace    tk« 
Doctor   jusllj    toddaiJ»d,   Ibit    Ihe   tininif   of  welt)    with    bricLi,  ■  practice    i 
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By  17,  Geo.  3,  cap.  42,  stock  and  place  bricks  made  for 
sale,  shall,  when  burnt,  be  not  less  than  eight  and  a  half 
inches  long,  four  inches  wide,  and  two  and  a  half  inches 
thick. 

By  43,  Geo.  3,  cap.  69,  (consolidating  the  excise  duties,) 
every  thousand  of  bncks  made  in  Great  Britain,  not  exceeding 
ten  inches  long,  three  inches  thick,  and  five  inches  wide,  is 
liable  to  a  duty  otfive  shillings,  and  if  exceeding  these  dimen- 
sions, to  ten  shillings:  and  every  thousand  of  bricks  made  in 
Great  Britain,  and  smoothed  or  polished  on  one  or  more  sides, 
not  exceeding  the  superficial  dimensions  of  ten  inches  long, 
and  five  inches  wide,  is  subject  to  a  duty  of  twelve  shillings: 
and  if  such  bricks  exceed  these  dimensions,  to  the  duty  on 
pavine  tiles.  The  said  duties  are  to  be  paid  by  the  makers. 
An  additional  duty  of  terq^ence  per  thousand  was  imposed  on 
bricks  and  tiles  in  1806. 

Of  the  Tools  used  in  Bricklayings 

The  brick  trowel,  which  is  used  for  takine  up  and  spreading 
the  mortar,  is  also  used  for  cutting  the  bricks  to  any  reouirea 
size,  and  should  therefore  be  made  of  the  best  steel,  ana  well 
tempered. 

Tne  hammer  used  bjr  the  bricklayer,  is  adapted  either  to 
strike  a  blow,  or  to  divide  the  bricks,  as  may  oe  required  in 
cutting  a  hole  through  a  brick  wall,  or  other  operations.  One 
end  of  the  head  of  it  has  therefore  a  face  similar  to  that  of  any 
common  hammer,  and  the  shape  of  the  other  end  resemblefl 
that  of  a  carpenter's  axe,  though  far  narrower  in  proportion  to 
its  length.  The  handle  is  inserted  much  nearer  the  face  of 
the  hammer,  than  the  other  extremity  or  edge.  Another  kind 
of  hammer,  often  employed  in  taking  down  brick-work,  differs 
from  the  above  only  in  having,  instead  of  the  axe  part,  nearly 
the  shape  of  an  adze,  but  not  so  broad  for  its  length ;  hence  it 
may  be  driven  with  facility  between  bricks  to  separate  them. 

The  plumb-rule  is  similar  to  that  used  by  carpenters  and 
other  artizans.  It  consists  of  a  well-seasoned  boara,  the  length 
of  which  should  at  least  be  four  feet;  its  thickness  and  breadth 
are  not  very  material,  provided  they  be  sufficient  to  prevent  its 
warping.  Down  the  middle  of  one  of  the  broad  surfaces  of 
the  board  is  drawn  a  straight  line,  and  at  one  extremity  in  this 
line,  is  attached  a  small  cord  with  a  weight  at  the  lower  end. 
If  the  lone;  narrow  sides  of  the  rule  be  perfectly  straight  and 
parallel  with  each  other,  and  the  line  is  equidistant  from  the 
arris  on  «ach  side  of  it,  the  plummet  being  hung  in  this  line, 
will  form  a  correct  instrument.     Either  of  the  long  narrow 
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■ides  of  this  rule  is  applied  to  the  wall,  so  that  the  plummet 
and  its  cord  may  face  the  workman,  who,  by  frequently  using 
it,  is  enabled  to  carry  up  his  wall  perpendicularly.  If  in  any 
of  these  trials,  he  observes  that  the  cord  of  the  plummet  does 
not  coincide  with  the  line  on  the  rule,  he  sets  the  bricks  fur- 
ther in  or  out,  as  may  be  required  to  rectifjr  the  error,  taking 
care  to  do  it  while  the  mortar  they  are  set  in  is  yet^wet. — As 
the  plummet  is  not  made  to  hang  below  the  rule,  a  hole  is  cut 
in  the  latter,  to  allow  the  cord  to  hang  straight* 

The  level  employed  by  the  bricklayer,  is  iQso  similar  to  that 
of  the  carpenter.  It  is  of  various  lengths  from  six  to  twelve 
feet.  If  one  end  of  the  plumb-rule  above-mentioned  were 
joined  at  right  angles  to  the  middle  of  the  long  narrow  edge 
of  another  board  of  the  same  thickness,  but  about  double  its 
length,  it  would  become  a  level,  the  lower  edge  or  side  of  the 
piece  thus  added  to  the  rule,  becoming  the  surface  placed  on 
walls,  particularly  at  window  sills  and  wall-plates,  to  ascertain 
whether  they  are  horizontal  or  not.  To  try  the  correctness  of 
a  level,  place  it  vertically,  that  is,  in  the  position  in  which  it 
is  used,  upon  any  flat  surface,  or  merely  place  each  end  of  the 
bottom  euge  upon  a  jblock  of  wood,  and  raise  or  lower  the  sup- 

f^ortft  till  the  cord  of  the  plummet  exactly  coincides  with  the 
ine  on  the  perpendicular  rule  or  limb  of  the  instrument. 
When  this  is  observed,  reverse  the  ends,  and  if  the  same  coin- 
cidence then  takes  place,  the  level  is  true ;  but  if  it  does  not, 
the  bottom  must  be  planed,  till  the  trial  will  succeed.  The 
perpendicular  and  horizontal  parts  of  the  level  are  not  only 
fastened  together  by  mortise  and  tenon,  but,  for  greater  firm- 
ness, and  to  prevent  warping,  two  braces  are  added,  which 
extend,  in  a  slanting  direction,  from  the  horizontal  piece  nearly 
to  the  top  of  the  perpendicular  one. 

A  large  square  is  employed  in  setting  out  the  sides  of  build- 
ings at  right  angles;  and  ^$mall  square  for  trying  the  bedding 
of  bricks,  and  squaring  the  soffits  across  their  breadth. 

A  bevel  is  required  tot  drawing  the  soffit  line  on  the  face  of 
bricks. 

The  rod,  for  measuring,  is  either  five  or  ten  feet  long;  the 
feet  are  divided  by  notches,  and  one  of  those  next  the  extre- 
mity of  the  rule,  is  divided  into  inches.  Dimensions  may  bv 
more  expeditiously  ascertained  with  the  rod  than  with  u 
pocket  rule ;  but  bricklayers  are  generalljr  provided  with  u 
measuring  tape,  which  is  coiled  up  by  its  winch  into  a  cylin- 
drical box,  of  such  small  dimensions,  as  to  unite  a  more  coi»- 
venient  portability  than  the  pocket  rule,  witli  greater  dispatch 
in  the  general  operations  of  measurement,  than  cun  be  ob- 


tained by  the  use  of  the  rod. 
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JoiDting-ralew— Rftker. — Hod.— Line. — Rammer.'^Crow  and  pick-axe. 

The  joiniv^'rule,  employed  in  running  the  joints  of  brick- 
work, is  eight  or  ten  feet  long,  and  four  inches  broad.  When 
designed  for  the  use  of  two  bricklayers,  the  latter  length  is 
€niployed. 

The  iron  tool  used  along  with  the  jointing-rule,  to  mark  the 
joints  of  brick-work,  is  called  b,  jointer:  its  form  is  nearly  that 
of  the  letter  OQ ,  though  its  flexure  is  not  in  proportion  so  con 
siderable. 

The  raker  has  its  use  designated  by  its  name.  It  is  em- 
ployed to  rake  or  scrape  loose  and  decayed  mortar  out  of  the 
joints  of  walls,  the  appearance  of  which  is  intended  to  be  im- 
proved by  pointing  them  afresh.  The  raker  is  made  of  iron, 
pointed  with  steel,  and  at  about  one-fourth  of  its  length  from 
each  extremity,  it  is  bent  to  a  right  angle,  so  that  it  would 
resemble  a  Z,  if  the  stroke  connecting  the  top  and  bottom  of 
that  letter  were  perpendicular  instead  of  slanting. 

The  hod  is  an  angular  wooden  trough,  closed  only  at  one 
end ;  so  that  it  resembles  the  half  of  a  rectangular  box  divided 
in  such  a  manner  as  to  consist  of  two  entire  sides  and  one 
end.  From  the  middle  of  the  angular  ridge  formed  by  the 
meeting  of  the  two  sides,  proceeds  a  pole  or  handle  about 
four  feet  long ;  and  so  much  of  this  ridge  as  lies  between  the 
handle  and  the  end  piece',  is  covered  with  a  cushion  of  se- 
veral thicknesses  of  leather,  or  leather  stuffed  with  wool.  In 
this  utensil,  the  labourer  carries  upon  his  shoulder  the  bricks 
and  mortar  with  which  he  supplies  the  bricklayer ;  the  cushion 
takes  off  the  sharpness  of  the  ridge,  and  by  means  of  the 
handle,  he  can  support  it  without  difficulty,  either  in  walking 
on  level  ground,  or  ascending  a  ladder.  It  is  customary  to 
sprinkle  the  inside  of  the  hod  with  clean  dry  sand,  before  it 
is  filled  with  mortar,  which  is  thereby  prevented  from  adher- 
ing to  the  wood. 

A  cord  or  line,  to  serve  as  a  guide  in  laying  the  courses  of 
bricks  exactly  straight,  is  stretched  close  to  the  wall,  and  re- 
moved at  the  proper  intervals  as  the  work  advances.  This 
line,  to  afford  tne  means  of  stretching  it  wherever  it  is  wanted, 
is  fastened  to  two  pointed  iron  pins,  called  the  line  vins,  one 
being  attached  to  each  end  of  it. 

The  bricklayer's  rammer  differs  not  from  the  pavier's.  If 
the  ground  intended  for  a  foundation  is  deemed  not  sufficienUy 
solid,  it  is  compressed  as  much  as  possible  by  this  tool,  a  doe 
attention  to  the  use  of  which  will  prevent  fractures  that  may 
endanger  the  building. 

The  iron-crow  and  the  pick-axe,  are  useful  assistants  to  toe 
bricklayer,  of  obvious  utility ;  being  sometimes  employed  in 
fX>njunction,  and  sometimes  alone,  in  digging,  breaking  throui^ 
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walls,  raising  heavy  bodies  out  of  the  ground^  and  similar 
operations. 

The  compasses  for  traversing  arches,  and  the  gnnding-stone  for 
sharpening  tools,  scarcely,  perhaps,  require  to  be  mentioned. 

The  cutting  and  management  of  bricks  for  the  construction 
of  gauged  arches,  add^  the  following  tools,  besides  the  small 
square  and  bevel  above-mentioned,  to  the  catalogue  belonging 
this  trade : 

The  chopping  block,  is  made  out  of  any  piece  of  wood  which 
happens  to  be  at  hand,  set  or  fixed  with  sufiScient  stability  for 
axmg  the  bricks  upon.  Its  height  may  be  about  thirty  inches ; 
the  area  of  its  upper  surface  is  generally  inconsiderable ;  if  six 
or  eight  inches  square,  it  is  sufficiently  large  for  one  man  to 
work  at.  When  several  men  are  at  work,  it  is  better  that  they 
should  have  separate  chopping  blocks  than  a  single  large  one, 
unless  the  single  one  be  very  firmly  fixed,  so  that  the  vibrations 
communicated  by  any  of  the  workmen,  may'not  inconvenieiice 
the  rest,  and  unless  also  its  dimensions  be  increased  in  a  much 
greater  proportion  than  the  number  of  hands. 

The  banker,  is  the  appellation  which  designates  a  large  bench, 
upon  which  the  bricks  for  arch-work  are  rubbed  and  gauged. 
It  is  from  two  to  three  feet  in  breadth,  and  from  six  to  twelve 
feet  in  length,  according  to  the  number  of  men  it  is  intended 
to  accommodate,  or  the  dimensions  of  the  timber  which  hap- 
pens to  be  at  hand  or  most  cheaply  obtainable.  The  banker 
is  generally  made  thirty  or  thirty-two  inches  high:  as  it  is  not 
necessary  for  it  to  be  very  thick,  an  old  door  may  be  converted 
into  one,  supporting  it  by  four  or  five  posts  or  piers,  and  for 
greater  steadmess  setting  one  edge  against  a  wall. 

The  camber  stip  is  a  piece  of  board  cambered  or  made  .con- 
vex on  one  or  both  edges,  but  not  confined  to  any  particular 
length,  breadth,  or  thickness,  though  the  latter  dimension  is 
generally  about  half  an  inch.  It  is  employed  as  a  ruler.  When 
only  one  edge  is  curved,  it  rises  about  one  inch  in  six  feet,  for 
drawing  the  soffit  lines  of  straight  arches :  when  the  opposite 
edge  is  curved,  it  rises  only  about  half  an  inch  in  six  feet,  and 
is  used  to  draw  the  upper  side  of  straieht.arches.  This  small 
convexity  is  an  allowance  for  the  settfing  of  the  areh,  which 
many  disregard,  and  therefore  make  the  upper  side  of  the  arches 
in  Question  straight.  When  the  bricklayer  has  drawn  his  lines 
with  the  camber  slip,  he  hands  it  to  the  carpenter,  who  by  it 
forms  the  centre  to  the  curve  of  the  soffit.  To  prevent  the 
necessity  of  having  many  camber  slips,  one  is  made  large 
enough  for  the  widest  aperture  likely  to  be  arched. 

The  mould  is  used  to  obtain  the  proper  form  of  the  brick^ 
that  it  may  be  reduced  to  the  requisite  taper/ one  edge  of  the 
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mould  being  brought  close  to  the  bed  of  the  brick  previously 
squared.  There  is  a  notch  in  the  mould  for  every  course  of 
the  arch. 

The  scribe  is  any  piece  of  iron,  such  as  a  lar^e  nail  or  the 
like,  ground  to  a  point,  for  the  purpose  of  marking  the  bricks  * 
where  they  are  to  be  cut. 

The  tin-saw  is  used  in  cutting  the  bricks  about  the  eighth 
of  an  inch  deep,  at  the  lines  marked  with  the  scribe,  so  that 
an  entrance  may  be  made  for  the  brick-axe,  and  tliat  they 
may  be  reduced  to  the  proper  form  for  arches,  without  splin- 
tering or  jagging  their  edges.  The  false  joints  are  also  cut 
with  this  instrument. 

The  brick-axe  is  used  for  reducing  bricks  to  the  saw  cut- 
tings and  lines  drawn  by  the  scribe.  The  subsequent  labour 
of  rubbing  the  bricks  is  shortened  m  proportion  to  the  dex- 
terity shown  in  the  management  of  the  axe. 

When  the  bricks  have  been  cut  with  the  requisite  exactness 
by  the  axe,  they  are  taken  to  the  rubbing-stone,  upon  which 
they  are  rubbed  smooth.  The  rubbing-stone  is  generally  fixed 
upon  a  bed  of  mortar  at  one  end  of  the  banker.  To  keep  it 
tolerably  level,  the  bricks  should  be  rubbed  equally  on  every 
part  of  it,  and  in  different  directions ;  it  should  not  therefore 
be  ''0  large  as  to  prevent  the  workman  from  easily  reaching 
over  it,  on  whatever  side  of  it  he  stands :  about  twenty  inches 
in  diameter  is  a  convenient  size.  If  the  grain  of  it  is  not  sharp 
enough  to  reduce  the  brick  with  the  necessary  expedition,  sand 
may  be  used.  The  headers  and  stretchers  in  returns,  which 
are  not  axed,  are  also  dressed  upon  the  rubbing-stone. 

The  bedding-stone  is  a  marble  slab,  about  ten  inches  broad, 
and  twenty  inches  long,  with  one  flat  surface,  which  is  used  to 
try  whether  the  rubbed  surface  of  the  brick  be  straight,  so  as 
to  fit  upon  the  leading  skew  back,  or  leading  end  of  tne  arch. 

The  stone  upon  which  bricks  cut  with  curved  surfaces  are 
rubbed,  is  called  9i  float-stone,  which  must  itself  necessarily  be 
curved  in  the  reverse  form,  though  of  a  radius  equal  to  that 
intended  for  the  brick. 

Of  Foundations 

Foundations  are  either  natural  or  artificial ;  natural,  where 
the  ground  is  rocky  or  good ;  artificial,  when,  from  its  boggy, 
sanoy  state,  or  from  its  having  been  lately  dug  up,  piling,  or 
some  other  precaution,  must  be  resorted  to,  for  the  support  of 
the  building.  Appearances  are  so  often  deceitful,  that  the 
prudent  builder  will  never  depend  upon  them,  but  will  exanaine 
the  ground  intended  for  a  foundation  with  the  utmost  attention. 
If  tod  ground  shake  on  being  struck  with  the  rammer,  tha 
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nature  of  it  must  be  ascertained  by  piercing  it  wilh  a  well- 
digger's  borer.  Having  found  how  far  the  firm  ground  is 
beneath  the  surface,  the  loose  or  soft  parts  must  bt  removed, 
if  not  very  deep:  the  excavations  made  on  thtse  occnsionH, 
should  widen  upwards,  and  their  sides  be  cut  in  the  form  of 
steps :  by  nhicb  means  a  firmer  bed  will  be  obtained  for  the 
wall,  than  if  the  Bides  of  the  trenches  were  simply  inclined 
planes. 

Palladio  directs  the  ground  for  the  foundation  to  be  pene- 
trated to  a  sixth  part  of  the  whole  height  of  the  building,  un- 
less there  be  cellars,  in  which  case  he  recommends  digging 
deeper.  It  is  a  good  rule  to  make  the  foundation  double  thit 
breadth  intended  for  the  superincumbent  wall,  and  the  con 
traction  of  it  should  be  made  alike  on  both  sides. 

If  the  earth  is  very  unsolid,  piles,  close  to  each  other,  aad 
long  enough  to  reach  the  good  ground,  must  be  driven  in. 
The  thickness  of  these  piles  should  not  be  less  than  one- 
twelfth  of  their  length;  they  should  be  made  to  present  aft 
even  a  surface  as  possible,  and  should  then  be  covered  with 
planks.  It  is  a  curious  fact,  that  dry,  straight-grained  piles, 
may  be  driven  much  further  by  the  same  force,  than  if  they 
be  made  of  wood  in  an  opposite  state. 

When  the  infirmity  of  the  ground  is  uniform,  but  not  very 

considerable,  it  may  be  made  good  by  laying  pieces  of  sound 

oak  about  two  feet  apart,  across  the  breadth  of  the  trench  in 

I  which  the  wall  is  to  stand,  and  when  these  hare  been  firnity 

idded  and  rammed  down,  planks  of  the  same  timber,  or  of 
Ktch  pine,  (which  is  equally  as  durable  in  such  situittions.) 
■net  be  laid  down  and  spiked  upon  them.  The  planks  slioidd 
be  half  a  foot  Vider  than  the  base  of  the  foundation  wuU. 
Ground  of  this  description  may  also  be  made  good  by  ram- 
ming large  stones  upon  it  closely  together,  and  extending  in 
breadth  about  a  foot  on  each  side  of  the  wall.  Upon  the  tirtr 
course  of  stones,  another  course,  rathernarrower,  may  be  Uid, 
taking  care,  as  in  walling  generally,  to  make  the  joints  of  ont 
course  fall  on  the  middle  of  the  stones  in  the  other. 

If  the  ground  be  found  defective  in  one  place  and  good  in 
another,  the  unequal  settlement  which  would  be  the  inevitable 
consequence  of  building  upon  it  in  such  a  Btat«,  may  be  pre- 
ventea  by  a  plan  which  is  now  becoming  daily  more  common, 
and  whicn,  it  carefully  executed,  is  always  successful-  It  con- 
sists in  the  use  of  arches,  either  inverted  or  suspended,  ac- 
cording to  circumstances,  which  we  shall  now  advert  to. 

When  the  soft  parts  of  the  ground  are  under  the  apertures 
only,  inverted  arcnes  are  to  be  turned  nnder  such  apertures, 
in  the  manner  represented  by  fig.  1,  pi.  1.    Dy  this  means  ih^ 
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advantage  of  one  continued  base  is  obtained,  for  the  piers* can* 
not  sink  without  carrying  the  arches,  and  consequently  the 

f  round  upon  which  th^  stand,  along  with  them.  The  whole 
uildin^  will  therefore  sink  equally,  and  no  fracture  of  the 
walls  will  ensue.  So  much  is  the  use  of  invefrted  arches  under 
apertures  approved,  that  they  are  considered  indispensable  in 
all  buildings  of  considerable  weight  or  consequence,  even 
when  the  ground  is  not  found  to  be  defective.  It  is  suffi- 
ciently obvious,  that  the  walls  of  all  buildings,  the  base  of  the 
foundation  of  which  is  oot  actually  laid  upon  the  bare,  solid 
rock,  will  sink  a  little;  and  as  the  pressure  of  the  piers  is  in- 
comparably greater  than  that  of  the  low  piece  of  walling  un- 
der the  apertures,  the  risk  is  extreme,  that  the  resistance  of 
the  grouna  against  this  low  walling  will  not  allow  it  to  sink 
with  the  piers,  and  consequently  the  fracture  of  the  wall,  and 
probably  the  breaking  of  the  window  sills,  will  be  the  conse- 
quence. The  inverted  arches  prevent  these  bad  effects ;  and 
as  they  have  so  important  a  service  to  perform,  they  should 
be  thrown  with  the  greatest  care,  closely  jointed,  and  their 
depth  at  least  equal  to  half  their  width. 

When  the  reverse  of  the  preceding  case  occurs,  that  is^ 
when  the  solid  parts  of  a  foundation  are  only  to  be  found 
under  apertures,  then  piers  must  be  built  in  these  places,  and 
arches  suspended  between  them,  as  represented  by  fig.  2.  It 
is  best  to  make  the  middle  of  the  pier  rest  upon  the  middle  of 
the  summit  of  the  arch.  If  the  pier  does  not  cover  the  arch« 
the  narrower  it  is  the  ^eater  should  be  the  curvature  of  the 
latter  at  the  apex.  When  arches  are  used  in  this  waj,  the 
intrados  ought  to  be  clear,  that  they  may  have  their  full 
effect.  The  uniform  resistance  of  the  ground  upon  which 
the  piers  are  erected,  is  also  of  greater  importance  than  even 
its  perfect  hardness;  for  if  it  resist  uniformly,  the  building 
will  sink  in  every  part  alike,  and  remain  uninjured. 

When  wood  is  laid  in  the  trench  of  a  foundation,  the  first 
course  of  stone  or  brick  should  be  laid  as  close  as  possible^ 
without  mortar,  which  injures  the  timber.  If  there  be  any 
difference  in  the  quality  of  the  bricks,  the  strongest  and 
closest,  which  are  least  liable  to  imbibe  moisture,  should  be 
selected  for  foundation  work. 

Of  Cements. 

The  bricklayer  being  provided  with  tools,  with  bricks,  and 
having  prepared  the  trenches  of  his  foundation  for  walling, 
finds  himself  in  immediate  want  of  mortar  or  cement,  a  sub- 
ject which  next  claims  our  consideration. 
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•  The  nature  and  best  methocU  of  preparing  calcareous  ce- 
ments, have  been  investigated  by  Dr.  Higgins,  with  great 
ability  and  success.  He  has  advanced  the  most  satisfactory 
proofs,  founded  upon  analysis,  that  the  Romans,  whose  mot* 
tar  or  cement,  after  a  lapse  of  two  thousand  years,  instead  of 
being  decayed,  has  become  as  hard  as  the  stones  it  binds  to* 
gether,  possessed  no  uncommon  secret,  which  we  are  unable 
to  discover.  His  publication  first  appeared  in  1780,  and  is 
evidently  the  proauction  of  a  liberal  and  intelligent  mind. 
He  struck  into  a  path  with  which  we  were  but  little  acquain|> 
ed,  though  the  knowledge  of  it  is  of  very  .considerable  im* 
portance  to  the  public  collectively,  as  well  as  to  individuals : 
tor  it  is  certainly  lamentable  to  ODserve  public  or  private  edi- 
fices, insecure,  or  prematurely  mouldering  away,  from  the 
ignorance  or  disregard  of  a  few  particulars,  which  might  not 
only  be  observed  with  ease,  but,  in  many  instances,  with  a 
diminution  of  the  original  expense.  The  Doctor's  conclusions, 
which  were  drawn  from  innumerable  experiments,  constitute 
a  great  portion  of  the  best  part  of  our  knowledge  on  this  sub- 
ject at  the  present  time ;  but  though  so  many  years  have 
elapsed  since  they  were  communicated  to  the  public,  they  are 
far  from  being  yet  generally  known,  and  consequently  are  not 
reduced  into  general  practice. 

Such  is  the  neglect  shewn  on  this  subject,  that  the  timbers 
of  our  houses  last  longer  than  the  walls,  unless  the  moulder- 
ing cement  be  frequently  replaced  by  pointing.  The  follow- 
ing directions,  for  preparing  durable  morlar  or  stucco,  con- 
tain the  result"  of  the  Doctor's  experience,  and  have  been  at- 
tended to  with  remarkable  success. 

Sharp  sand  iVtn:  from  clay,  salts,  calcareous,  gypseous,  oi 
other  grains  less  hard  and  durable  than  quartz,  is  better  than 
any  other.  When  a  coarse  and  a  fine  sand,  corresponding  in 
the  size  of  their  grains,  to  the  coarse  and  fine  sand  hereafter 
described,  cannot  be  easily  obtained  native,  the  following 
method  of  sorting  and  cleansing  it  must  be  resorted  to.  Let 
the  sand  be  sifted  in  streaming  clear  water,  through  a  sieve 
whicli  will  allow  all  grains  not  exceeding  one-sixteenth  of  an 
inch  to  pass  through,  and  let  the  stream  of  water  be  regulated 
BO  as  to  wash  away  the  very  fine  parts  of  the  sa.nd,  the  clay, 
and  every  other  matter  lighter  than  sand.  The  coarse  rubbish 
left  on  the  sieve  must  be  rejected.  The  sand  which  subsides 
in  the  receptacle  must  then  be  further  cleansed  and  sorted  into 
two  parcels,' by  the  use  of  a  sieve  which  allows  no  grains  to 
pass  but  what  are  less  than  one-thirteenth  of  an  inch  in  dia- 
meter. That  part  which  passes  through  this  sieve,  we  shall 
call  fine  sand,  the  remaining  portion,  coarse  sand.    These 
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separate  portions  may  then  be  dried  in  the  sun,  or  by  means 
of  a  fire. 

That  sort  of  lime  must  be  chosen  which  heats  the  most  ia 
slaking,  and  slakes  the  quickest  when  duly  watered;  which  is 
the  freshest  made,  and  has  been  the  closest  kept»  which  dis- 
solves in  distilled  vinegar  with  the  least  effervescence^  and 
leaves  the  smallest  residue  insoluble,  and  in  this  residue  the 
smallest  quantity  of  clay,  gypsum,  or  martial  matter.  Put 
fourteen  pounds  of  the  lime  chosen  according  to  these  im- 
portant rules  into  a  brass  wire  sieve  still  finer  than  the  last 
mentioned.  Slake  the  lime  by  alternately  plunging  it  into 
and  raising  it  out  of  a  butt  of  soft  water;  rejt:ct  all  the  matter 
which  does  not  easily  pass  through  the  sieve,  and  use  fresh 

f>ortions  of  lime  in  a  similar  manner,  until  as  many  ounces  of 
ime  have  passed  through  the  sieve  as  there  are  quarts  of  water 
in  the  butt.  This  is  the  lime-water,  which  contributes  materi- 
ally to  the  excellence  of  the  stucco.  As  soon  as  a  sufficient 
portion  of  lime  has  been  imparted  to  it,  it  should  be  closely 
covered  until  it  becomes  clear,  and  then  be  drawn  off,  by 
wooden  cocks,  placed  at  different  heights  as  the  lime  snl>«- 
sides,  without  breaking  the  crust  formed  on  the  surface.  The 
freer  the  water  is  from  saline  matter,  the  better  will  this  liquor 
be.  Lime-water  must  be  kept  in  air-tight  vessels  till  the  mo- 
ment it  is  used. 

Slake  fifty-six  pounds  of  lime  chosen  as  above  directed,  by 
gradually  sprinkling  on  it  the  lime-water.  Sift  the  slaked  part 
of  the  lime  immediately  through  the  last  mentioned  fine  brass- 
wire  sieve;  the  lime  which  passes  must  be  used  instantly,  or 
kept  in  air-tight  vessels,  and  the  rest  rejected.  This  finer, 
ricner  part  of  the  lime,  may  be  called  purified  lime.  It  is 
always  advisable  to  sift  the  lime  immediatelt/  after  the  slaking, 
otherwise  much  of  the  ill-burnt  lime  and  heterogeneous  matter 
which  it  may  contain,  will  pass  through  the  sieve. 

The  materials  of  the  cement  being  thus  prepared,  take  fifty- 
six  pounds  of  the  coarse  sand,  and  forty-two  pounds  of  the  fine 
sand;  mix  them  on  a  large  plank  of  hard  wood  placed  horizon- 
tally; then  spread  the  sand  so  that  it  may  stand  to  the  height  of 
six  niches  with  a  flat  surface  on  the  plank,  and  wet  it  with  lime- 
water,  of  which  so  much  must  be  allowed  to  flow  away  off  the 
plank  as  the  sand  in  the  condition  described  cannot  retain.  To 
the  wetted  sand  add  fourteen  pounds  of  the  purified  lime  in 
several  successive  portions,  mixing  and  beating  t{iem  up  toge- 
ther with  the  instruments  generally  used  in  making  fine  mortar. 

Tlien  add  fourteen  pounds  of  bone-ashes  in  successive  por- 
tions, mixing  and  beating  all  together.  The  quicker  and  more 
perfect  I V  these  materials  are  mixed  and  beaten  together.and  the 


Finc-gnioed  narUr. — Cpane  mottar. 

■ooaer  the  cement  tbua  foimed  is  used,  tiie  better  it  will  be, 
Aa  this  cement  is  shorter  tlian  mortar  or  common  stucco,  and 
dries  sooner,  it  ought  to  be  worked  expeditiously  in  all  cases, 
and  in  stuccoing  it  ought  to  be  laid  on  by  sliding  the  trowel 
upwards  on  it.  The  materials  used  along  with  it  in  building, 
or  the  ground  on  which  it  is  laid  in  stuccoing,  ought  to  be 
well  wetted  witli  the  lime-water,  at  the  instant  of  laying  it  on; 
and  when  the  cement  requires  moistening,  lime-water  should 
always  be  used. 

The  proportions  above  given  are  intended  for  a  cement  made 
with  sharp  sand,  for  incrustation  in  exposed  situations,  where 
it  is  necessary  to  guard  against  the  effects  of  hot  weather  and 
rain.  In  general,  half  this  quantity  of  bone-ashes  will  be 
found  sufficient;  and  although  the  incrustation  in  this  latter 
case  will  not  harden  deeply  so  soon,  it  will  he  ultimately 
Stronger,  provided  the  weather  be  favourable. 

When  a  mortar  or  cement  of  a  fine  texture  is  required,  take 
ninety-eight  pounds  of  the  tine  sand  ;  wet  it  with  the  lime- 
water,  and  mix  it  with  the  purified  lime  and  the  bone-ash  in 
the  quantities  and  in  the  manner  above  described,  with  this 
difference  only,  that  fifteen  pounds  or  thereabouts  of  lime  are 
to  be  used  instead  of  fourteen  pounds,  if  the  greater  part  of 
the  sand  be  very  fine.  This  cement  is  suitable  for  the  last 
coating  of  any  work  intended  to  imitate  the  finer  grained 
stones  ;  but  it  may  be  applied  to  all  the  uses  of  the  first  men- 
tioned composition. 

When  a  mortar  or  cement  is  required,  which  shall  be  still 
cheaper  and  more  coarsely  grained,  much  coarser  sand  than 
the  coarsest  sort  already  spoken  of  may  be  made  use  of;  for 
the  coarser  the  sand,  the  less  the  proportion  of  lime  which  will 
be  required.  For  example,  of  the  coarsest  sand  alluded  to, 
take  fifty-six  pounds;  of  the  coarse  sand  which  passes  through 
'the  meshes  of  a  sieve  one-sixteenth  of  an  incli  in  diameter, 
twenty-eight  pounds;  and  of  the  fine  sand,  fourteen  pounds ; 
and  after  mixing  these  and  wetting  them  with  lime-wuter,  in 
the  manner  already  described,  add  fourteen  pounds,  or  some 
what  less,  of  the  purified  lime,  and  then  fourteen  pounds,  oi 
somewhat  less,  of  the  bone-ash. 

When  these  cements  are  intended  to  be  wliite,  white  sand, 
white  lime,  and  the  whitest  bone-ash.  are  to  be  chosen.  Grey 
iaud,  and  grey  boneasb,  formed  of  half-burnt  hones,  are  to 
be  chosen  to  make  the  cement  grey;  and  any  other  colour 
may  be  obtained  either  by  chusing  coloured  sand,  or  by  the 
admixture  of  the  necesRiiry  qunutity  of  coloured  talc  in  pow- 
der, or  of  coloured  vitreous  or  metallic  pottder«,  or  other  io- 
eredients  of  a  similar  nature. 
9.— Vol.  I.  2D 
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These  cements  are  applicable  in  forming  artificial  stone^by 
making  alternate  layers  of  the  cement  and  of  flint,  hard  stone, 
or  brick,  in  moulds  of  the  figure  of  the  intended  stone;  the 
stones  thus  formed  being  exposed  to  the  open  air  to  harden, 
but  not  exposed  to  rain  till  tney  are  almost  as  strong  as  fresh 
Portland  stone.  They  may  be  made  very  hard,  and  beautiful, 
by  soaking  them,  after  they  are  thoroughly  dry,  in  the  lime- 
water,  and  repeating  this  pr9ce8s  several  times  at  distant  in- 
tervals. Incrustations,  also,  are  greatly  benefited  by  the  ap- 
plication of  lime-water,  the  entrance  of  which  is  facilitated  oy 
the  use  of  bone-ashes  in  the  cement. 

When  any  of  the  above  cements  are  intended  to  be  used  for 
water-fences,  two-thirds  of  the  prescribed  quantity  of  bone- 
ashes  are  to  be  omitted,  and  an  equal  measure  of  powdered 
terras  used  instead ;  and  if  the  sand  employed  be  not  of  the 
coarsest  sort,  more  terras  must  be  addea,  so  that  the  terras* 
shall  be  by  weight  one-sixth  part  of  the  weight  of  the  sand. 

When  a  cement  is  required  of  the  finest  grain,  or  in  a  fluid 
form,  so  that  it  may  be  applied  with  a  brush,  for  the  purpose 
of  smoothing  and  finishing  the  stronger  crustaceous  works,  or 
for  washing  walls  to  a  lively  and  uniform  colour,  the  fine  pow- 
der of  calcined  flints,  or  the  powder  of  any  quart^ose  or  hard 
earthy  substance,  may  be  used  in  the  place  of  sand ;  but  in  a 
quantity  smaller  as  the  flint  or  other  powder  is  finer;  so  that 
the  powder  shall  not  be  more  than  six  times  the  weight  of  the 
lime,  nor  less  than  four  times  its  weight.  The  greater  the 
quantity  of  lime  within  these  limits,  the  more  the  cement  will 
be  apt  to  crack  by  quick  drying,  and  vice  versa.  For  washing 
walls,  the  cement  should  not  be  made  thicker  than  new  cream^ 
and  should  be  laid  on  briskly  with  a  brush,  in  dry  weather. 
Fine  yellow  ochre  is  the  cheapest  colouring  ingredient  for 
such  a  wash,  when  it  is  required  to  imitate  Bath  stone,  or  the  » 
warmer  white  stones. 

Where  sand  cannot  be  procured,  any  durable  stony  body, 
or  baked  earth  grossly  powdered,  and  sorted  as  if  it  were 
sand,  may  be  used,  measure  for  .measure,  but  not  weight  for 
weight,  unless  the  same  bulk  of  the  gross  powder  be  the  same 
as  that  of  sand.  But  all  substitutes  for  pure  siliceous  sand, 
are  imperfect  in  proportion  as  the  particles  of  which  they  are 
composed,  are  less  hard  than  those  of  that  material.  The 
scrapings  of  roads,  which  consist  principally  of  powdered  cal- 
careous stone,  the  old  mortar  and  other  rubbish  from  ancient 
buildings,  have  often  been  more  strongly  recommended  thui 
they  deserve.  These,  and  all  muddy,  soft,  minutely  divided 
maters,  require  a  large  proportion  of  lime,  and  never  possess 
the  hardness  and  durability  which  belong  to  good  mortar* 
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C»e  of  lime-mist — tioae-mhai — Sh«rp  tand. 

Rea  saiifl,  well  washed  in  fiesh  water,  is  as  good  as  any  otiiei' 
round  sand;  but  if  used  wilhoul  being  freed  from  salt,  the 
mortar  made  with  it  is  extremely  liable  to  be  damp. 

The  proportion  of  lime  may  be  increased  without  inconve- 
nience, when  the  cement  or  stucco  is  to  be  applied  where  ll  is 
Dot  liable  to  dry  quickly;  and  in  the  contrary  circumstance, 
this  proportion  may  be  diminished.  The  defect  of  lime  in 
quantity  or  quality,  is  best  supplied,  by  soaking  the  work,  ot 
distant  intervals  of  time,  with  lime-water.  It  is  proper  to 
mix  hair  with  these  cements,  when  employed  for  interior 
work. 

The  powder  of  almost  every  well  dried  or  burnt  animal  sub- 
stance may  be  used  instead  of  bone-ash. 

The  bone-ashes  facilitate  the  operation  of  plastering,  by 
increasing  the  plasticity  of  the  mortar  into  which  they  enter, 
They  also  render  the  mortar  less  liable  to  crack,  and  cause  it 
to  acquire  more  quickly  that  state  in  which  it  is  not  easily  in- 
jured by  unexpected  rain.  If  employed  in  a  less  proportion 
than  one-fourth  of  the  lime,  they  are  of  little  use,  and  if  they 
exceed  the  lime  in  quantity  they  are  injurious  to  the  cement. 
Hence  the  use  of  them  should  be  regulated  according  to  the 
following  circumstances :  when  the  artist  ia  more  solicitous  to 
secure  an  incrustation  from  the  effect  of  hot  weather,  to  finish 
it  quickly,  and  to  guard  against'rain,  than  to  make  it  durable 
in  the  highest  degree,  he  may  use  as  much  bone-ashes  as  lime; 
but  when  the  season,  exposure,  and  other  circumstances,  per- 
mit him  to  attend  solely  to  the  true  excellence  and  duration 
of  his  work,  he  must  use,  in  his  best  calcareous  cements,  only 
one  part  of  bone-ashes  for  every  four  parts  of  lime.  By  these 
rules  he  may  chuse  intermediate  quantities  adapted  to  his  pur- 
poses. The  bone-ashes  should  uot  be  iu  bo  coarse  a  powder 
as  they  are  when  used  for  cupels,  yet  they  should  by  no  means 
be  levigated  or  ground  to  extreme  fineness. 

By  sltarp  aand,  is  meant  such  sand  as  consists  of  grains 
with  fiat  surfaces ;  these  flat  surfaces,  when  enveloped  and 
cemented  together  by  the  lime  paste,  possess  a  much  stronger 
cohesion  than  if  the  grains  were  globular. 

The  preceding  method  of  making  mortar  or  stucco  differs, 
"be  perceived,  from  the  common  process  in  several  essen- 


tial 


parti 


culars; 


among 


which,  the  purity  and  sorting  of  the 


sand,  the  use  of  lime-water,  the  newness  of  the  lime,  and  the 
large  proportion  of  the  sand  to  the  lime,  ought  to  be  particu- 
larly noticed.  It  may  be  useful  to  inquire  into  some  of  the 
causes  of  differences  of  practice  so  remarkable.  When  the 
sand  contains  much  clay,  or  other  impurities,  the  bricklnyers 
find  that  the  best  mortar  they  can  make,  must  contain  ahoiu 


204  BUILDING. 


Cauies  of  tbe  debaMxaeat  of  liaw. 


one-half  lime;  and  in  consequence  pronounce,  withoiU  further 
investigation,  half  sand  and  half  lime,  to  be  the  best  compo- 
sition. But  with  sand  requiring  so  much  lime,  they  never 
can  make  durable  mortar,  though  of  this  fact  it  may  be  diffi- 
cult to  convince  those  who  are  little  disposed  to  investigate 
causes.  Too  many  artisans  entertain  an  opinion  that  they  have 
nothing  new  to  learn  which  is  worth  notice ;  they  are  apt  ia 
effect  to  say,  that  having  served  an  apprenticeship  to  their  ousi- 
ness  they  ovght  to  know  something:  and  thus,  because  they  oug^ 
to  know  somethings  they  seem  to  expect  submission  to  their  very 
errors.  To  such  characters  we  speak  not ;  to  convince  them  is 
impossible,  and  therefore  the  attempt  is  folly-  But  those  who 
consider  the  interest  of  their  employers,  and  that  the  warmth^ 
dryness,  and  salubrity  of  a  house,  so  far  as  the  building  is 
concerned,  is  completely  in  their  power,  will  not  despise  anj 
hint  which  may  extend  their  resources. 

It  is  a  common  fault  to  build  lime-kilns  bo  high^  that  at  the 
bottom  of  the  cavity,  the  lime  is  ready  perhaps  eighteen  hours 
before  that  in  the  upper  part,  and  is  greatly  injured  by  its  ex* 
posure  to  the  draft  of  air  passing  through  the  fire.  Lime-kilns 
ought  to  be  made  much  broader  and  shallower  than  customary^ 
with  the  cavity  tapering  upwards,  and  should  terminate  in  a 
lofty  flue,  in  order  to  accelerate  the  combustion,  when  requir* 
ed,  Dy  a  quick  current  of  air.  Calcareous  stones  acquire  ia 
the  most  eminent  degree  the  properties  of  lime,  when  they  are 
slowly  heated  in  small  fragments  of  uniform  size,  until  tbe^ 
appear  to  glow  with  a  white  heat,  and  this  is  continued  until 
they  become  non-effervescent  if  steeped  in  an  acid*  The  art 
of  preparing  lime  consists  chiefly  in  attending  to  these  parti* 
culars«  The  whiteness  of  lime  shews  it  to  be  free  from  metallic 
impregnation.  Merely  to  keep  lime  dry  is  not  enough  to  pre- 
serve it;  it  grows  worse  for  mortar  every  day  it  is  kept  in  heaps  \ 
or  untight  casks,  and  is  soon  reduced  nearly  to  the  state  of  chalk* 
It  may  be  greatly  debased,  without  slaking  sensibly,  and  such 
parts  or  fragments  as  fall  to  powder  merely  by  exposure  to 
the  air  are  unfit  for  mortar.  It  has  been  found  by  experiment* 
that  litne  will  absorb  one-fourth  of  its  weight  of  water,  and 
yet  remain  perfectly  dry.  Bishop  Watson  found,  that,  upon 
an  average,  every  ton  of  limestone  produced  eleven  hundred 
weight,  one  quarter,  add  four  pounds,  of  lime,  weighed  before 
it  was  cold ;  and  that,  when  exposed  to  the  air,  it  increased 
in  weight  daily*  at  the  rate  of  a  hundred  weight  per  ton,  foir 
the  first  five  or  six  day$  after  it  was  drawn  from  the  kiln. 
Hence  those  who  have  to  fetch  lime  from  great  distances,  may 
save  even  in  point  of  cartage,  by  receiving  it  as  it  is  taken  out 
of  the  kiln. 
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,  Mortar  which  sets  witbout  cracking,  whether  this  be  owing 
to  the  due  proportion  of  Hand,  or  to  the  slow  exhalation  of  the 
water  from  mortar  containing  less  sand,  never  cracks  after- 
wards, whatever  its  faults,  in  other  respects,  may  be.  As  it 
is  the  lime  paste,  and  not  the  sand,  which  contracts  and  pro- 
duces fissures  in  drying,  so  the  more  sand  there  is  in  the  com- 
fosition,  the  less  the  cracks  will  be  seen.  Mortar  which  is 
liable  to  crack,  becomes  irreparably  injured  by  frequent  alter- 
nations of  wetting  and  freezing ;  for  the  water  imbibed  by  the 
smallest  tissures,  dilating  as  it  congeals,  loosens  its  whole  tex- 
ture. Where  it  is  composed  of  seven  parts  of  sorted  sand,  to 
one  of  lime,  it  is  not  disposed  to  crack. 

That  mortar  may  become  indurated  the  soonest  and  in  the 
highest  degree,  and  operate  the  most  eB'ectually  as  a  cement, 
jt  must  be  suffered  to  dry  gently  and  set;  the  exsiccation  of 
it  must  be  effected  by  temperate  air,  and  not  accelerated  bjr 
the  heat  of  the  sun  or  fire.  It  must  not  be  wetted  till  after  it 
sets;  and  afterwards  it  ought  to  be  protected  from  wet  as  much 
as  possible,  until  it  is  completely  indurated  ;  the  absorption  of 
carbonic  acid  must  be  prevented  as  much  as  possible  till  the 
mortar  is  finally  placed  and  quiescent,  and  then  it  must  be  as 
freely  exposed  to  the  open  air  as  the  work  will  admit,  in  order 
to  supply  carbonic  acia,  and  enable  it  sooner  to  sustain  the 
trials  lo  which  mortar  is  exposed  in  cementitious  buildings 
and  incrustations.  To  shew  more  clearly  how  much  our 
slight  buikliaa;s  are  weakened  by  the  agitations  and  percus- 
sions lo  which  they  are  exposed,  first  in  erecting  the  walls 
tnd  settlios  the  timbers,  and  then  in  driving  those  ivedges  to 
irhich  the  wainscots,  mantle-pieces,  and  otiier  ornaments,  are 
fastened,  we  must  observe,  that  the  absorption  of  carbonic 
»cid  by  mortar  coiitribates  nothing  to  the  strength  of  it,  if  it 
enter  'before  it  is  finally  fixed  in  a  quiescent  state.  A  little 
experience  i«  sufficient  to  teach  us,  that  the  same  matter  which 
assists  in  the  induration  of  mortar,  never  serves  lu  repair  the 
fissures,  ur  solution  of  continuity  between  the  bricks  and  ce- 
ment, which  happens  after  it  is  set.  When  mortar  is  set,  and 
before  it  is  indurated,  it  may  be  easily  severed  from  the  bricks 
and  crumbkd  ;  and  for  want  of  softness,  it  cannot  bend  into 
the  fissures,  or  resume  its  former  condition  in  any  lime. 
Henoe  by  heavy  blows,  and  in  wedging,  our  walls  must  be 
greatly  weakened;  and  the  more  so,  as  the  houses  are  slight, 
quickly  built,  and  hastily  finished. 

Nothinf*  is  mure- common  than  for  bricklayers  to  keep  their 
mortar  some  time  exposed  to  the  air  in  heaps,  before  they  con- 
sider it  proper  to  use;  a  pr<ioiice  which  may  perhaps  be  ac- 
counted for,  if  ive  consider  that  some  portions  of  every  kind  o'' 
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lime  used  in  this  country,  do  not  slake  freely,  by  reason  of 
their  not  being  sufficiently  burned,  or  of  the  admixture  of  gyp- 
seous or  argillaceous  matter ;  which  portions,  like  marl^  sTaKe 
in  time,  though  not  so  quickly  as  the  purer  lime.  The  plas- 
terers, who  use  a  finer  kind  of  mortar,  made  of  sand  and  lime, 
observe  that  their  stucco  blister^?,  if  it  contain  small  bits  of 
unslaked  lime,  and  as  smoothness  of  surface  is  with  them  of 
more  consequence  than  excessive  hardness,  they  take  care  to 
secure  the  perfect  slaking  of  their  lime  by  allowing  sufficient 
time  for  the  imperfect  parts  to  be  penetrated  by  the  moisture. 
The  bricklayers,  trusting,  perhaps,  more  to  the  judgment  of  the 
plasterers,  in  this  respect,  than  to  their  own,  and  considering 
It  very  convenient  to  slake  a  large  quantity  of  lime  at  once, 
follow  the  same  practice,  without  caring  for  or  apprehendingthe 
real  fact,  that  mortar  is  worse  for  every  hour  it  is  kept,  and  that 
they  are  taking  such  measures  as  will  prevent  it  from  ever  ac- 
quiring that  d^ree  of  hardness  in  whicn  its  perfection  consists. 

Among  the  circumstances  which  contribute  to  the  speedy 
ruin  of  modern  buildings,  it  may  also  be  observed,  that  mortar 
made  with  bad  lime,  and  a  great  excess  of  it,  is  used  with  dry 
bricks,  and  not  unfrequently  with  warm  ones.  These  imme- 
diately imbibe  or  dissipate  much  of  the  water,  and  as  the  ce- 
ment approaches  nearer  to  be  dry,  whilst  it  is  still  liable  to 
be  displaced  by  the  perctissions  of  the  workmen,  render  it 
little  better  than  equivalent  to  a  mixture  of  sand  and  pow- 
dered chalk.  To  make  strong  work,  the  bricks  ought  to  be 
soaked  in  lime-water,  and  freed  from  the  dust  with  which 
they  are  commonly  covered.  By  this  means  the  bricks  are 
rendered  closer  and  harder,  the  cement,  by  setting  slowly, 
admits  the  motion  which  the  bricks  receive  when  the  work- 
man dresses  them,  without  being  impaired,  and  it  adheres  and 
indurates  more  perfectly.  This  steeping  of  the  bricks  is  an 
imitation  of  the  practice  of  the  plasterers,  who  always  wet  the 
wail  before  they  commence  their  work,  because  they  know 
the  cement  will  not  otherwise  adhere.  This  ought  to  be  done 
as  long  as  the  wall  is  thirsty,  and  lime-water  is  the  most  pro- 
per liquid  they  can  use.  The  same  advantage  that  attends 
the  soaking  of  bricks,  would  attend  the  soaking  of  bibulous 
stones  in  lime-water. 

Mortar  made  with  sand  containing  one-seventh  or  one-eighth 
of  fat  clay,  moulders  in  winter  like  marl;  a  circumstance  which 
proves  the  propriety  of  freeing  from  clay  the  sand  used  in  mor* 
tar.  The  wasning  performed  for  this  purpose,  will  be  found 
a  very  cheap  operation,  even  in  cities,  if  tne  water  which  car- 
ries off  the  clay  be  directed  into  a  receptacle  where  it  may  be 
depurated  by  subsidence  for  repeated  use. 
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Chalk  lime. — Wmter  fittest  for  mortar. — Cansei  of  damps  on  stacco. 

Chalk  lirae  may  be  easily  prepared,  so  as  to  be  fully  equal  if 
not  superior  to  stone  lime.  The  reason  why  this  is  not  generally 
thought  to  be  the  case,  probably  is,  that  not  being  of  so  close  a 
texture,  it  is  sooner  spoiled  by  the  absorption  of  carbonic  acid» 
when  exposed  to  the  atmosphere  after  it  is  made.  A  cask  of 
chalk  lime  should  therefore  never  be  opened  till  the  moment  it 
is.  to  be  slaked,  and  the  greatest  expedition  should  be  used  in  the 
slaking,  and  in  the  making  and  applying  the  mortar  to  use.  In 
the  quiescent  air  of  a  room,  a  pound  avoirdupois  of  chalk 
lime,  becomes  two  ounces  and  a  half  heavier  in  two  days;  and 
nearly  the  whole  of  this  increase  of  weight,  consists  of  the  car- 
bonic acid  which  it  has  imbibed  from  the  atmosphere. 

The  fittest  water  for  making  mortar,  is  rain  water;  river 
water  holds  the  next  place;  land  water  the  next;  spring  water 
the  last;  sea  water,  and  all  waters  noticed  meaicinally  or 
otherwise,  for  their  saline  contents,  ought  never  to  be  used  for 
this  purpose. 

The  compositions  mostly  used  for  stuccoing  within  doors, 
are  incapable  of  hardening  considerably,  and  when  •they  are 
laid  on  tiie  naked  walls,  soon  become  tarnished,  unsightly,  and 
inconvenient,  by  the  damps  which  workmen  call  sweating. 
Sometimes  these  damps  are  occasioned  by  the  bad  construc- 
tion of  the  walls,  the  joints  of  th«  facing  bricks  having  become 
hollow  by  the  decay  of  the  mortar,  or  when  the  copings  or 
gutters  are  defective:  a  damp  by  transpiration  also  occurs 
when  the  principal  walls  are  stuccoed  before  thcty  are  dried, 
or  when  the  materials  of  them  are  so  spongy  as  to  imbibe  the 
rain,  and  the  circulation  of  air  is  not  sufficient  to  waft  away 
the  transuding  moisture.  The  damp  by  condensation  is  also 
very  common,  and  appears  most  on  the  closest  incrustations, 
however  perfect  and  old  tlie  walls  may  be.  In  such  instances, 
the  damp  is  owing  to  the  closeness  of  the  body,  and  a  stucco 

f pervious  in  a  certain  decree  to  air  and  moisture,  will  be  free 
rom  it,  as  well  as  from  the  damp  before  mentioned.  The  cus- 
tomary mode  of  avoiding  these  damps,  is  to  case  the  principal 
walls  of  houses  with  lathwork,  on  which  the  incrustation  or 
plaster  is  laid  at  some  distance  from  the  wall.  The  na/rowing 
of  rooms  and  passages  v^ry  perceptibly  is  the  consequence  of 
this  method,  besides  its  expense.  Bone-ashes,  each  grain  of 
which  is  tubulated  in  every  direction,  added  to  the  stucco  in 
half  the  quantity  of  the  lime,  are  a  preventive  of  these  damp9 
without  lathwork. 

The  drying,  induration,  and  texture  of  incrustations  made  oil 
brick  walls  and  other  irregular  surfaces,  are  always  so  far  un- 
equal as  to  exhibit  visible  traces  which  deform  the  work,  a^d 
oannot  be' effectually  obliterated  by  any  known  method  so  con* 
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venient  as  that  of  covering  the  first  coarse  incrustation,  after 
it  has  dried,  with  another  coat  which  may  be  made  finer  and 
smoother.  Thus  the  expense  of  fine-grained,  smooth,  or  co- 
loured stucco,  is  rendered  moderate  ;  because  the  finer,  or  the 
colouring  ingredients,  may  be  reserved  for  the  exterior  coat, 
which  will  last  for  ages,  if  the  cement  be  good 

To  tinge  a  cement  sufficiently,  of  any  colour  which  is  mot 
found  in  sand,  so  that  the  incrustation  shall  not  be  impaired, 
and  that  the  colour  shall  be  as  durable  as  the  cement,  the 
most  proper  ingredients  which  can  be  used  in  lieu  of  sand,  or 
of  part  of  it,  are  coloured  glasses  or  coloured  stones  of  the 
hardest  kind,  beaten  to  coarse  powder;  the  finer  parts  of  which 
are  to  be  washed  away,  not  merely  because  they  are  injurious 
to  the  cement,  but  because  they  contribute  very  little  to  the 
intended  colour. 

Stucco  made  with  the  best  proportions  of  lime,  sand,  and 
lime-water,  is  ijiot  bettered  by  painting  as  soon  as  it  dries;  as 
this  covering  retards  the  induration  of  it,  by  cutting  off  its 
communication  with  the  air.  It  therefore  renders  it  liable  to 
be  irreparably  injured  in  wet  weather,  wherever  the  water  can 
get  behind  the  paint.  If  paint  or  oil  ought  ever  to  be  applied 
on  such  stucco,  it  ou^ht  not  to  be  laid  on  in  less  than  a  year 
after  the  incrustation  is  made.  The  painting  and  sanding,  of 
the  common  defective  incrustations,  contribute  very  little  to 
their  duration,  although  it  hardens  them  at  the  surface;  for  it 
does  not  effectually  prevent  them  from  cracking,  and  it  avails 
very  little  to  paint  the  cracked  stucco  again,  because  cracked 
stucco  is  always  hollow,  as  the  workmen  term  it ;  that  is,  it 
parts  from  the  wall  in  the  parts  contiguous  to  the  cracks, 
sounds  hollow  on  being  struck  with  the  knuckle,  and  falls  off 
in  a  few  years,  if  it  be  so  thick  and  large  in  extent,  as  to  break 
the  adhering  portions  by  its  weight. 

Mortar  made  of  sand,  water,  and  lime,  whatever  may  be  the 
proportions  of  the  mixture,  cannot  be  employed  in  aqueducts, 
reservoirs,  and  other  aquatic  buildings,  unless  sufficient  time 
be  allowed  for  its  perfect  induration  before  the  admission  of 
the  water;  but  when  mixed  up  with  a  quantity  of  terras,  aa 
already  stated,  it  acquires  the  desirable  property  of  hardening 
under  water.     A  few  additional  remarks  on  this  subject  will 

f Perhaps  be  acceptable.  A  mortar  made  of  terras  powder  and 
ime  was  used  in  water-fences  by  the  Romans,  and  has  been 
generally  employed  in  such  structures  ever  since  their  time* 
As  it  sets  quickly,  and  when  set  is  impenetrable  to  water, 
some  people  have  hastily  concluded  that  it  is  the  best  kind  of 
mortar  for  any  purpose.  But  it  is  found  by  experience,  that 
mortar  made  or  terras  powder,  whether  cqarse  or  *fine»  will 
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not  grow  80  hard  as  mortar  made  with  lime  and  sand^  nor 
endure  the  weather  so  well ;  oii  the  contrary,  it  is  apt  to  crack 
and  perish  in  the  open  air.  Its  efficacy  in  water-fences  is  ex- 
perienced only  where  it  is  always  kept  wet,  and  seems  to  de- 
pend principally  upon  the  property  which  the  powder  of 
terras  has,  in  common  with  other  argillaceous  bodies,  but  in 
a  higher  degree,  of  expediting  the  crystallization  of  the  cal- 
careous matter,  by  imbibing  die  water  in  which  it  is  diffused 
in  the  mortar,  and  of  swelling,  during  this  absorption,  so 
much  as  to  render  the  mortar  impenetrable  to  any  mote 
water.  It  seems, .  also,  that  an  acid  of  the  vitriolic  kind, 
which  is  contained  in  terras,  contributes  to  the  speedy  setting 
of  the  cement,  by  reducing  a  part  of  the  lime  to  the  condition 
of  gypsum.  Terras  is  a  volcamc  production^  consisting  chiefly 
of  clay  and  oxide  of  iron  indurated  together;  and  baked  clay, 
reduced  to  powder,  communicates  to  mortar  properties  of  a 
similar  kind. 

Pozzolana  is  another  volcanic  production  differing  little 
from  terras,  as  to  the  effect  it  produces  in  mortar.  It  is 
thrown  out  of  volcanoes  in  the  form  of  ashes,  and  is  found  in 
many  countries,  but  most  abnndandy  in  the  kingdom  of 
Naples.  The  cement  used  by  Smeaton,  in  the  construction  of 
the  Eddystone  light-house,  was  composed  of  equal  parts  by 
measure  of  lime  and  pozzolana;  a  mixture  which  was  deemed 
the  most  suitable,  as  the  building  was  exposed  to  the  utmost 
violence  of  the  sea ;  but  a  composition  exceedingly  proper  for 
aquatic  works  in  general,  may  be  composed  of  two  parts  of 
lime,  one  of  pozzolana,  and  three  of  clean  sand. 

It  has  lately  been  discovered,  that  manganese  is  a  valuable 
''neredient  in  water-cements,  if  used  in  the  following  manner* 
mix  together  four  parts  of  gray  clay,  six  of  the  black  oxide  of 
manganese,  and  ninety  of^ood  limestone  reduced  to  fine 
powder;  then  calcine  the  whole  to  expel  the  carbonic  acid. 
When  this  mixture  has  been  well  calcined  and  cooled,  it  is  to 
be  worked  into  the  consistence  of  a  soft  paste  with  sixty  parts 
of  washed  sand.  If  a  lump  of  this  cement  be  thrown  into 
water,  it  will  harden  immediately. 

Of  Brick  Bond  and  Walling. 

When  a  brick  is  laid  so  that  its  length  is  in  the  direction  of 
the  length  of  the  wall,  it  is  called  a  stretcher;  and  when  its 
length  crosses  that  of  the  wall,  it  is  called  a  header. 

The  term  kond  is  applied  to  any  disposition  of  the  bricks, 
by  which  the  continuity^  in  a  straight  line,  of  the  joints  of  a 
wall  is  interrupted.    It  is  obvious  that  a  bood  may  be  adopted 
9,_VoL.  1.  2E 
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which  will  interrupt  the  rectilinear  direction  of  both  the  hori* 
zontal  and  vertical  joints  of  a  wall;  but  in  the  two  kinds  of 
bond  which  have  hitherto  prevailed,  the  horizontal  joints  are 
continued  in  the  same  line  round  the  whole  building,  and  the 
vertical  ones  only  interrupted.  When  the  wall  is  only  intended 
to  be  half  a  brick,  or  four  inches  and  a  half  in  thickness,  the 
whole  of  the  bricks  are  laid  so  as  to  form  stretchers,  that  is, 
their  length  is  laid  in  the  direction  of  the  length  of  the  wall, 
and  the  bond  is  obtained  simply  by  making  the  vertical  joints  in 
every  course  exactly  opposite  the  middle  of  the  bricks  above 
and  below.  But  when  the  wall. is  intended  to  be  the  length 
of  a  brick  or  more  in  thickness,  it  would  be  apt  to  split  into 
parts  if  it  consisted  only  of  two  or  more  walls  separately  bond- 
ed, as  in  the  instance  just  mentioned  of  the  half  brick  wall. 
The  bricks,  therefore,  in  thick  walls,  must  be  connected  in 
their  breadth  as  well  as  their  length,  and  this  is  done  accord- 
ing to  two  principal  modes,  one  of  which  is  called  English, 
the  other  Flemish  bond. 

English  bond  consists  of  headers  and  stretchers  crossing 
each  other  in  separate  horizontal  courses.  In  Flemish  bond, 
the  headers  and  stretchers  are  placed  alternately  in  the  same 
horizontal  course.  Flemish  bond  is  now  so  common,  that 
hardly  any  other  kind  is  to  be  seen;  it  is  preferred,  for  its  ap- 
pearance, to  the  English,  which  is  much  superior  in  point  of 
strength,  and  in  facility  of  execution.  Many  attempts  have 
been  made  to  unite  Flemish  facings  with  complete  bond,  but 
without  success.  Some  have  laid  thin  slips  of  iron  occasion- 
ally in  the  horizontal  joints  between  the  two  courses;  and 
others  have  laid  diagonal  courses  of  bricks  in  the  core  of  thick 
walls,  so  us  to  cross  each  other  at  right  angles  in  successive 
courses.  By  the  hitter  means,  though  the  bricks  in  the  middle 
of  the  core  have  a  strong  bond,  yet  as  they  form  triangular 
interstices  with  the  bricks  on  each  side,  the  bond  of  the  whole 
wall  is  very  incomplete.  As  the  adjustment  of  the  bricks  in 
one  course  must  depend  on  the  course  beneath,  the  latter,  in 
making  the  Flemish  bond,  must  be  seen  or  recollected  by  the 
workman.  The  view  of  the  joints  of  the  under  course  is  hin- 
dered by  the  mortar  with  which  they  are  covered,  to  bed  the 
bricks  of  the  succeeding  course  upon,  and  it  is  perplexing  for 
the  workman  to  recollect  the  arrangement  of  them,  so  that  he 
is  in  danger  of  making  the  joints  frequently  to  coirespond, 
and  thus  rendering  the  bond  imperfect.  In  the  old  EngKsh 
bond,  the  outside  of  each  course  points  out  the  proper  dis- 
position of  the  next,  so  that  it  is  difficult  for  the  workman 
to  err. 

The  follow  ing  plans  of  walls  in  English  bond,  which  well 
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deserve  to  be  revived  in  this  country,  will  render  this  subject 
more  intelligible : 

Fig.  3,  pi.  i.  is  the  bond  ofa  nhie-inch  wall.  In  order  that 
two  vertical  joints  may  not  run  over  each  other,  at  the  end  of 
the  first  stretcher  from  the  corner,  after  nlacint;  the  return 
corner  stretcher,  which  becomes  a  header  in  the  f'uce  that  the 
stretcher  is  in  below,  half  the  length  of  which  it  covers,  a  half 
brick  is  placed  on  its  side,  so  that  with  the  return  cornel' 
stretcher,  it  extends  six  inches  and  three  quarters,  and  thus  a 
lap  of  two  inches  and  a  quarter  is  obtained  for  the  next  header; 
and  the  bond  is  continued  by  working  up  the  wall  with  alter- 
nate rows  of  headers  and  stretchers  mutnally  crossing  each 
other.  The  half  brick,  or  brick-bat,  thus  introduced,  is  called 
a  closer,  and  must  be  divided,  it  will  be  understood,  through 
its  too  broadest  surfaces,  in  the  direction  of  their  length.  Tne 
same  effect  might  he  obtained  by  the  introduction  of  a  three- 
quarter  brick  at  the  corner  of  the  stretching  course,  for  then 
when  the  corner  header  is  laid  over  it,  a  lap  of  two  inches  and 
a  quarter  will  be  left  at  the  end  of  the  stretchers  below  for  the 
next  header,  the  middle  of  which,  when  laid,  will  be  over  the 
joint  below  the  stretcher,  and  thus  constitute  a  bond  as  before.. 
The  brick  for  the  three-quarter  bat,  or  closer,  must  be  divided, 
thiough  its  two  broadest  surfaces,  in  the  direction  of  their 
breadth.   ■  '  . 

Fig.  4,  represents  the  English  bond  of  a  brick  and  a  half  or 
fourteen-incn  wall.  Here  the  stretching  course  is  so  disposed, 
that  the  middle  of  the  breadth  of  the  bricks  in  the  same  layer 
or  level,  falls  alternately  upon  the  middle  of  the  stretchers, 
and  upon  the  joints  between  the  stretchers. 

Fig.  5,  represents  the  English  bond  of  a  two-brick  wall. 
To  break  the  joints  in  the  core  of  the  wall,  every  alternate 
header,  in  the  heading  course,  is  only  half  a  brick  thick. 

Fig.  6,  represents  the  English  bond  of  a  wall  two  bricks  and 
a  half  in  thickness.  The  disposition  of  the  bricks  is  similar 
to  that  of  those  in  the  last  example. 

Fig.  7,  part  of  the  front  of  a  wall  in  English  bond,  the  un- 
broken side  being  the  corner. 

Fig.  8,  the  Flemish  bond  of  a  nine-inch  wall.  Two  stretchera 
lie  between  two  headers  ;  and  bricks  being  twice  as  long  as 
they  are  broad,  the  breadth  of  the  two  stretchers  is  equal  to 
the  length  of  the  header,  which  is  the  whole  thickness  of  the 
well.  The  dotted  lines  shew  the  disposition  of  the  bricks  in 
the  second  course. 

Fig.  9.  the  Flemish  bond  of  a  brick  and  a  half  or  fourteen- 
inch  wall.  On  one  side  the  bricks  are  laid  as  in  the  last 
Rftmple,  and  on  the  other  ndci  halt^headem  are  T>tared  oppo> 
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site  the  middle  of  the   stretchers,   and  the  middle  of  the 
stretchers  opposite  the  middle  of  the  end  of  the  headers. 

Fig.  10,  another  example  of  Flemish  bond,  for  a  wall  of  the 
same  thickness  as  the  last.  Here  the  disposition  of  the  brickii 
is  alike  on  both  sides  of  the  wall,  the  tail  of  the  headers  being 

5 laced  contiguous  to  each  other,  an  arrangement  that  pro- 
uces,  in  the  core  of  the  wall,  square  spaces,  which  must  be 
filled  with  half  bricks. 

Fig.  11,  part  of  the  front  of  a  wall  in  Flemish  bond,  reach- 
ing  on  one  side  to  the  corner. 

Fig.  1,  2,  3,  and  4,  pi.  II.  exhibit  plans  of  brick  piers  in 
Flemish  bond.  No.  1,  in  each  figure,  shews  the  bottom 
course,  and  No.  2  the  upper  course;  or,  which  amounts  to  the 
same  thing.  No.  2  may  be  considered  the  lower  course,  end 
No.  1  will  then  be  the  upper  one. 

Pig.  1,  is  a  pier,  two  bricks,  that  is,  eighteen  inches  square; 
for  in  speaking  of  the  thickness  of  a  wall  or  pier  as  consist* 
ing  of  so  many  bricks,  the  length  of  a  brick  is  always  to  be 
understood. 

Fig.  2.  a  two  and  a  half  brick  pier. 

Fig.  3,  a  pier  three  bricks  square. 

Fig.  4,  a  pier  three  bricks  and  a  half  square. 

Before  we  take  leave  of  the  subject  of  bond,  we  must  Re- 
mark, that  a  patent  has  very  lately  been  taken  out,  by  Moore 
and  Co.  of  London,  for  a  vertical  bond,  which  is  intended 
to  supersede  the  use  of  the  bond  timbers  introduced  to 
secure  the  equal  settlement  of  the  wall.  In  case  of  fire^ 
when  the  bona  timbers  of  a  house  are  consumed,  the  falling 
of  the  wall  almost  necessarily  follows.  The  patentees,  there* 
fore,  instead  of  these  timbers,  place  rows  of  hard  strong 
bricks  perpendicularly  in  the  middle  of  their  walls,  at  short 
distances  from  each  other  in  height  as  well  as  horizontal 
measurement,  and  they  place  each  row  of  the  perpendicular 
bricks  in  such  a  manner,  as  to  be  opposite  tne  middle  of 
the  space  between  the  row  standing  in  the  same  position 
immediately  above  or  below  it.  This  plan  for  obtaining  a 
vertical  bond,  seems  new  and  ingenious,  and  is  applicable, 
as  indeed  the  patentees  observe,  to  stone  walls,  as  well 'as 
to  those  of  brick. 

Fig.^  5,  represents  a  straight  arch,  which  is  usually  made 
the  height  ot  four  courses  of  brick ;  but  in  considerable  build-* 
iqgSi  it  may  with  great  propriety  be  made  the  height  of  Ave 
courses.  The  manner  of  drawing  the  joints  of  a  straight  arch 
will  be  evident  from  an  inspection  of  the  figure.  The  joicts  of 
the  arch-stones  must  all  be  maoe  to  lie  in  a  direct  line  to  the 
point  C.    The  point  C  is  easily  obtained,  as  it  is  as  Uac  from 
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tht  points  A  onil  B,  (which  sire  separated  by  the  whole  breadth,  J 
of  uieapt:rlur«,)  ai  A  and  B  are  from  each  other.  Hence  th^  j 
liaeB  coiinooling  A,  B,  and  C,  form  an  equilateral  triangle,^ 
To  ^ey  the  arch  in,  it  is  usual  to  have  a  brict,  and  not  th^^  J 
joint  bbtween  two  bricks,  in  the  centre;  and  therefore  the  <ii-^,] 
viiuoti  of  the  arch  must  be  managed  accordingly.  Though  the^  I 
briak  in  the  uiiddle  tapers  more  in  the  same  length  than  th^,  . 
«Jltrem«  bricks,  yet  as  the  difference  is  very  small,  it  is  dia>  . 
rtgarded.  from  the  i>:reat  convenience  of  drawing  all  lhebricka\, 
with  the  t>ame  nioujrl.  It  may,  however,  be  observed,  that  th^  •* 
nal  taper  of  the  mould  may  be  a  medium  between  that  re^^  j 
quired  for  the  middle  and  that  for  either  extreme  distance^  J 
But  whether  this  be  done  or  not,  the  defect  will  not  appear  i 
practice. 

Fig.  6.  a  scheme  arch,  one  brick,  that  is  nine  incbea  high. 
.  Fig.  7.  a  aemi-circular  arch,  one  brick  high. 

Fig.  8,  an  elliptical  arch,  one  briok  high,  the  top  of  wbicl^ 
U  divided  into  equal  parts,  and  not  the  under  side.     It  i^  ', 
atruck  from  three  centres.  A,  B,  and  C.  ' 

The  arches  delineated  in  the  last  three  figures  are  often  madf)  \ 
a  brick  and  a  half,  or  even  two  bricks  ht^;  but  for  crowning  ' 
the  apertures  of  ordinary  dwellings,  the  height  of  one  brick  i| 
deemed  sufficient,  both  lor  stability  and  appearance.    In  arches 
of  one  brick  high,  when  the  walla  are  only  half  a  brick  thick, 
it  is  evident  there  is  no  necessity  for  joints  following  the  course 
of  the  arch  in  every  alternate  brick.    Accordingly,  uiese  joints, 
in  such  walls,  are  generally  false  ones,  being  merely  nicks  of 
little  depth  out  with  the  tiu-saw;  and  are  made  as  a  kind  of 
decoration,  in  arches  exposed  to  view,  to  give,  when  pointed 
along  with  the  other  joints,  a  more  lively  appearance.     But 
when  the  walls  are  of  one  brick  or  a  greater  thickness,  the 
joints  in  question  must  be  real,  and  formed  of  two  bricks  dis-  *■ 
posed  as  headers,  for  the  sake  of  bond. 

Fig.  9,  apian  of  Tapper's  improved  method  ofgroining.  The 
improvement  consists  in  raising  the  angles  from  an  octagonal 
pier  instead  of  a  square  one.  By  this  means,  the  angles  of  the 
groins  are  strengthened  by  carrying  the  band  round  tlie  dia- 
gonals of  equal  breadth,  thus  affording  better  bond  to  the 
bricks,  whidi  are  usually  so  much  cut  away,  that  instead  of 
giving  support,  they  are  themselves  supported  by  the  adjacent 
filliDg-in  arches.  Square  piers  are  very  inconvenient  in  cal 
lar5,by  hindering  the  turning  of  goods  round  their  angles. 

In  different  parts  of  the  country,  it  will  naturally  Ob  sup- 
posed that  many  differences  of  practice  will  prevail  in  the  de- 
tails of  bnilding.  Several  of  these  differences  originate  in  local 
Decr.Uaritie4  Oi  laaterials.  of  one  kind  or  another;  but  there  is 
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one,  not  belonging  to  this  class,  respecting  which  we  nnsht 
have  expected  to  find  a  very  general  uniformity  of  practice. 
In  London,  and  a  wide  district  around,  the  scafiolding  for  the 
workmen,  in  erecting  the  walls  of  a  building,  is  external ;  but 
in  Liverpool,  and  several  other  parts  of  Lancashire,  and  adja- 
cent countries,  the  scaffolding  is  wholly  within  the  building, 
whatever  may  be  its  size  or  conseouence.  On  the  merits  of 
either  plan  we  shall  not  offer  a  decisive  opinion;  yet  we  may 
remark,  that  external  scaffolding  is  not  only  the  most  expensive, 
but  has  an  air  of  insecurity  to  the  workman,  and  of  incompact- 
ness,  which  is  unpleasant  to  the  observer,  especially  when  he  is 
aware  that  such  cumbersome  appurtenances  may  be  dispensed 
with.  In  populous  towns,  or  confined  places,  also,  the  en- 
croachment  of  external  scaffolding  upon  the  street,  is  not  a 
trifling  inconvenience,  particularly  as  the  bricks  and  other  ma- 
terials must  be  at  acme  distance  oeyond  its  limits,  to  prevent 
accidents.  Interior  scaffolding,  on  the  contrary,  being  support- 
ed on  the  joists  of  each  floor  as  the  work  proceeds,  is  erected 
with  little  trouble  or  expense,  the  workman  marks  his  joints  with 
as  much  ease  and  regularity  as  if  he  were  at  the  outside,  such  a 
thing  as  a  falling  brick  or  splinter  is  hardly  known,  and  the 
bricks  and  other  materials,  may,  if  necessary,  be  laid  close  to 
the  wall,  so  as  to  occasion  little  inconvenience  in  the  street. 

To  obtain  the  desirable  requisite  of  dry  walls,  we  have  al- 
ready observed,  that  the  usual  resort  is  the  use  of  interior  lath- 
work,  and  have  adverted  to  the  means  of  preventing  this  ex- 
pense, by  a  proper  composition  of  the  mortar  or  stucco.  An- 
other expedient  in  common  use,  intended  to  secure  the  dryness 
of  the  walls  when  lathwork  is  deemed  too  expensive,  consists 
in  leaving  a  portion  of  the  bricks  in  the  core  or  middle  of  the 
.,  walls,  without  mortar  from  the  top  to  the  bottom.  The?  inter- 
stices thus  left,  serve,  in  some  measure,  the  same  purpose  at 
the  space  between  the  lathwork  and  the  bricks.  Perhaps  the 
reference  to  a  figure  may  make  the  nature  of  the  plan  more 
easily  apprehended.  In  the  nine-inch  wall,  fig.  8.  pi.  I.  the 
longitudinal  joint  a  b,  and  the  middle  third,  or  from  e  tof,  of 
the  transverse  joint  c  d,  would  be  left  without  mortar;  and  the 
same  thing  is  done  to  all  the  other  joints  or  portions  of  joints 
similarly  situated.  By  this  contrivance,  the  bonS  of  the  wall 
is  greatly  weakened;  but  strength,  it  will  be  perceived,  is  not 
the  obiect\Of  it;  the  walls  in  the  inside  are  drier,  they  look  as 
well,  the  house  will  let  for  as  high,a  rent  as  a  stronger,  and  its 
instability  is  left  for  the  purchaser,  or  the  next  generation,  to 
discover.  It  has  not  unfrequently  happened,  however,  that  the 
slightness  of  modem  houses  has  been  quickly  proved,  by  their 
having  tumbled  down  before  they  were  even  finished. 
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There  is  one  advantage  of  casing  external  walls  with  lath- 
work,  which  is  independent  of  damp,  and  therefore  not  the 
object,  though  the  consequence,  of  tnat  operation.  As  air  is 
one  of  the  most  imperfect  conductors  of  heat  known,  the  co- 
lumn of  it  included  between  the  plaster  or  stucco  and  the 
bricks,  tends  to  prevent  the  temperature  of  apartments  from 
being  affected  by  sudden  vicissitudes  in  the  heat  of  the  exter- 
nal atmosphere. — Lathwork  casing  should  be  composed  of 
well-seasoned  heart  laths,  as  the  sap  laths  will  shrink.  Reeds 
are  used  instead  of  laths  in  some  parts  of  the  country ;  but 
they  require  a  greater  quantity  of  mortar  than  laths,  and  pro- 
duce on  the  whole  little  or  no  saving. 

Frost  is  exceedingly  prejudicial  to  new  brick-work,  and  its 
effects  ought  to  be  guarded  against  with  the  utmost  care. 
When  it  is  apprehended,  the  wall  should  not  be  left  uncovered 
at  night ;  a  capping  of  straw,  or  of  weather  boarding  formed 
like  the  roof  of  a  house,  to  carry  off  the  rain  equally  on  both 
sides,  if  any  occur,  is  generally  employed ;  and  sometimes,  for 
the  more  complete  security,  both  the  straw  and  the  boarding 
are  employed  at  the  same  time,  the  straw  being  placed  next 
the  wall.  In  winter,  the  mortar  should  be  used  stifferthan  at 
other  seasons,  and  if  a  quantity  of  lime,  which  is  quite  fresh, 
or  has  been  kept  in  tight  casks  till  it  is  wanted,  were  reduced 
to  powder  without  slaking,  and  well  beat  up  with  it,  the  set- 
ting of  it  would  be  very  materially  hastened.  Where  strong 
work  is  required,  it  is  not  expedient,  even  in  winter,  to  relin- 
quish the  practice  already  recommended,  of  steeping  the 
bricks  in  lime-watery  and  when  this  is  done,  the  method  just 
mentioned  of  preparing  the  mortar,  is  the  more  useful.  The 
bricks  should  not,  however,  be  laid  so  dripping  wet  in  winter 
as  in  warm  dry  weather.  When  the  practice  of  steeping  the 
bricks  in  lime-water  is  rejected  as  too  troublesome,  the  sprin- 
kling of  each  course  with  common  water  may  be  considerea  the 
easiest  substitute  for  that  operation.  This  method  of  strength- 
ening the  work,  was  adopted  in  the  building  of  the  College  of 
Physicians,  London,at  the  judicious  suggestion  of  Dr.  Hooke. 

If  the  mortar  has  been  suffered  to  lie  any  time,  previous  to 
its  being  used,  the  labourer  should  beat  it  up  again  to  give  it 
tenacity,  and  to  prevent  the  bricklayer  from  losing  time  in 
working  it  with  his  trowel. 

-  In  working  up  the  wall,  it  is  by  no  means  advisable  to  work 
more  than  four  or  five  feet  in  height  at  a  time ;  for  as  all  walls 
shrink  a  little  soon  after  building,  if  the  different  parts  of  the 
circuit  of  the  walls  or  carcass  be  carried  up  at  distant  inter- 
vals, one  part  will  sink  by  itself,  and  will  consequently  sepa- 
rate from  the  other  part  which  has  become  fixed.    No  portion 
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of  a  wall  ought  to  be  carried  up  more  than  the  height  of  one 
scaifold  above  the  reat,  except  in  some  case  of  pressing  ernes* 
gency.  In  Carrying  up  any  particular  part,  each  side  on  tha 
right  and  left  should  be  sloped  off,  to  receive  the  bond  of  the 
amoining  work. 

When  the  house  the  bricklayer  is  emploved  upon  is  intended 
to  have  other  houses  parallel  with  it,  half  bricks  in  a  straight 
line  with  the  front,  should  be  left  projecting  from  every  alter- 
nate course,  at  the  comer  or  corners  to  which  the  addition  ia 
intended  to  be  made ;  or,  otherwise,  an  excavation  equal  to  the 
breadth  of  a  brick  in  front,  and  to  the  thickness  of  the  wtdl 
from  front  to  back,  should  be  left  in  the  alternate  courses*  In 
either  casei  the  two  fronts  will  be  bonded  together,  and  the 
gaps,  so  frequently  deforming  contiguous  houses,  when  the 
fronts  have  been  built  independently  of  each  other,  will  be 
prevented.  • 

Bricks,  as  a  building  material,  have  several  advantages  ovet 
stone;  from  their  porous  texture,  they  unite  better  with  the 
cement,  are  much  lighter,  and  the  walls  built  with  them  are 
very  little  subject  to  damps  arising  from  the  condensation  oi 
the  moisture  in  the  atmosphere.  When  all  materials  are  ready, 
a  good  workman  with  nis  labourer  will  lay  a  thousand  or 
twelve  hundred  bricks  in  one  day. 

Brickwork  is  measured  by  the  square  foot,  reduced  to  the 
thickness  of  one  brick  and  ^  half;  thus  a  wall  two  bricks 
thick,  ten  feet  long,  and  three  feet  high,  and  therefore  contain- 
ing only  thirty  square  feet  of  surface  in  front,  would  be  called 
forty  feet  reduced.  It  is  valued  by  the  rod  of  two  hundred  and 
seventy-two  feet.  Facing  and  gauged  arches  are  measured  hy 
the  superficial  square  foot ;  and  cornices  by  the  foot  running, 
or  length. 


MASONRY. 

Masonry  is  the  term  used  to  designate  the  art  of  building 
with  stone,  as  well  as  the  work  itself  when  executed. 

Of  the  Mason's  Tools. 

The  tools  required  by  the  mason  consist  principally  of  a 
Level,  a  Plumb  Rule,  a  Square,  a  Bevel,  a  Trowel,  a  Hod,  a 
pair  of  Compasses,  a  Saw,  a  Mallet,  and  various  sorts  of  Ham* 
mers  and  Chisels.  The  whole  of  these  tools,  except  the  four 
sorts  last  named,  are  similar  to  those  bearing  the  same  name 
among  bricklayers,  and  theiefore  most  of  them  have  already 
been  ^siuTjciently  describeci. 
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.  The  masons  generally  employ  labourers  to  make  use  of  their 
mo,  as  they  can  hire  them  at  a  cheaper  rate  than  regular 
artists.  The  saw  is  without  teeth,  and  is  stretched  in  a  frame, 
so  as  nearly  to  resemble  the  joiner's  frame-saw.  It  is  generally 
made  from  four  to  six  feet  m  length,  and  for  cutting  through 
slabs  of  uncommon  aixe,  it  is  occasionally  made  much  larger. 
-  Its  progress  through  the  stone  ia  facilitated  by  Uieuse  of  sharp 
siliceous  sand  and  water.  The  sand  is  placed  U[>on  an  inclined 
plane,  and  the  water,  exuding  drop  by  drop  from  a  small  bar- 
rel or  other  convenient  vessel,  runs  over  this  plune,  and  carries 
along  with  it  s  portion  of  sand  into  the  kerl.  The  workman, 
in  the  mean  time,  slowly  drags  the  saw  backwards  and  forwards 
horizontally,  taking  a  range  of  about  twelve  inches  before  he 
makes  the  return  stroke.  By  this  simple  process,  the  hardest 
calcareous  stones  are  cut  into  slabs  of  the  retjuired  thickness, 
with  very  little  loss  of  thtir  substance.  But  though  the  prac- 
tice of  sau-ing  stone  by  band  may  be  considered  easy,  it  is  at 
the  same  time  slow  and  expensive. — Mills  have  therefore  been 
erected  in  various  psris  of  the  kingdom,  for  sawing  and  polish- 
ing; marble,  particularly  at  Ashfurd  in  Derbyshire,  and  at  Ken- 
dal  in  Wi'stmoreland.  At  (he  latter  place,  the  machinery  pro- 
duces  on  stone,  every  moulding  whicn  the  turner  can  produce 
on  metal,  or  the  joiner  with  his  plane  on  wood.  The  beautiful 
marbles  of  the  neighbourhood,  are  wrought  at  a  clieap  rate, 
into  various  forms,  which,^frora  the  great  expense  that  would 
be  incurred,  would  never  be  attempted  by  manual  labour.  It 
seema  to  ho  a  desideratum  in  the  management  of  such  ma- 
chinery, to  produce  the  return  of  the  mouldings.  Artists  in 
wood  do  not  require  this  return,  from  the  facility  with  which 
they  can  make  use  of  mitre-joints;  but  to  the  mut'On,  who  can 
rarely  adopt  joints  of  this  nature,  the  return  of  the  moulding 
is  mostly  an  indispensable  retjuisite.  In  a  chimney-piece,  or 
the  architrave  of  a  door  or  window,  for  example,  the  return  ia 
required  on  the  horizontal  piece. 

The  ahripe  of  the  mason's  mallet  dilTers  from  that  of  other  ar- 
tists. Its  contour  is  not  unlike  that  of  a  bell,  except  that  a 
small  portion  of  the  broadest  part  of  it  is  cylindnc;d;  this  part 
ia  usually  about  eight  or  ten  inches  in  diameter.  The  handle 
is  iust  long  enough  to  be  firmly  grasped  in  the  hand.  The 
chisels  are  struck  with  any  part  of  the  cylindrical  surface. 

The  chiseh  used  by  the  masons  are  required  to  be  of  various 
breadths  on  the  cutting  edge,  but  three  inches  for  the  broadest, 
and  a  quarter  of  an  inch  for  the  narrowest,  may  be  considered 
the  general  limits  of  their  sizes  in  this  respect.  They  are  usu- 
ally made  of  iron  and  steel  welded  together,  and  the  steel  ex- 
lends  no  farther  than  they  are  likely  to  be  cround  for  use. 
10.— Vol.  I.  2F 
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When  new,  they  are  mostly  about  eight  or  nine  inches  long. 
The  part  held  in  the  hand,  is  generally  about  five-ejghths  or 
three  quarters  of  an  inch  in  diameter,  and  is  forged  to  an  oo* 
tagonal  shape.  When  the  cutting  edge  is  broader  than  this 
octagonal  portion  for  the  hand,  the  lower  part  is  first  expanded 
in  a  dove-tail  form»  and  then  the  sides  for  a  short  distance  are 
parallel  to  the  edge.  When  the  cutting  edge  is  narrower  thaa 
the  octagonal  part,  the  lower  end  is  sloped  off  in  a  pyramidal 
form.  The  larger  sizes  of  chisels  obtain  the  name  of  tools,  the 
act  of  using  them  is  called  toohng,  and  the  stone  to  which  they 
have  been  applied  is  said  to  be  tooled.  The  chisel  with  the  nar- 
rowest  edge,  which  is  seldom  broader,  and  often  •not  so  broad, 
as  a  quarter  of  an  inch,  is  called  a  point.  The  point  is  em«* 
ployed  to  reduce  the  larger  irregularities  of  a  surface,  which  is 
afterwards  made  tolerably  regular  with  the  broad  chisels  or 
tools.  In  chipping  stone  intended  to  be  finished  smooth  aod 
neat,  great  care  should  be  taken  to  avoid  splintering  the  arris, 
which  will  almost  certainly  happen  if  the  edge  of  the  chisel  be 
directed  outwards  in  makmg  the  blow.  Even  for  the  edge  of 
the  chisel  to  be  at  right  angles  to  the  arris  it  is  applied  to  torm, 
is  not  always  a  safe  position ;  but  if  directed  inwards,  so  as  to 
form  an  angle  of  forty-five  degrees  with  the  line  of  the  arris, 
which  it  should  overhang  a  little,  the  chipping  may  be  safely 
executed.  To  direct  the  workman  in  the  use  of  the  chisel,  a 
thin  board  planed  true,  is  used  as  a  straight-edge,  to  point  out 
cross-windings  and  other  inequalities  of  surfaces,  the  promi« 
nent  defects  of  which  have  previously  been  removed. 

On  this  occasion,  we  shall  make  an  observation  of  which 
perhaps  very  few  artists  are  aware.  A  chisel  made  entirely  of 
steel,  will  produce  a  greater  effect  with  a  given  impulse  than 
one  composed  partly  of  iron  and  partly  of  steel,  altnough  the 
steel  of  the  latter  forms  its  edge,  and  is  there  equally  as  good 
and  hard  as  the  steel  of  the  former.  But  tempered  steel  is 
more  elastic  than  iron,  and  therefore  transmits  more  faithfully 
the  impulse  it  receives. 

In  some  parts  of  the  country,  masons  are  provided  with  such 
hammers  as  they  can  use  (particularly  when  they  are  employed 
upon  the  harder  kinds  of  calcareous  stones)  instead  of  cnisels, 
as  well  as  for  the  general  purpose  of  dividing  stones.  A  heavy 
pointed  hammer  serves  instead  of  the  point,  and  another  whicn 
IS  also  heavy,  and  has  an  edge  like  that  of  a  chisel,  serves  very 
effectually  to  produce  those  narrow  marks  of  furrows  left  upon 
liewn  stone-work  which  is  not  ground  on  the  face. 

Of  Stones. 

All  calcareous  stones,  namely,  those  thatl}um  to  limsi  if  bard» 


of  n  close  texture,  and  beautiful  appearance,  from  the  variega- 
tion, or  clearness  and  uniformity  of  the  colours,  are  called 
marble.  The  names  of  the  different  kinds  of  marble  are  gene- 
rally derived  either  from  their  colour,  or  the  place  where  they 
are  obtained.  The  most  valuable  kind  of  milk-white  marble  is 
obtained  in  Italy,  and  is  too  costly  to  be  often  used  for  any  but 
the  smaller  ornamental  parts  of  buildings.  This,  when  cut  into 
thin  slices,  is  semi-transparent.  Many  parts  of  the  united  king- 
dom abound  with  marble,  which  is  mostly  more  or  less  colour- 
ed, often  close  in  its  texture,  and  capable  of  receiving  a  high 
polish.  Derbyshire  and  Westmoreland,  in  England,  are  the 
counties  which  supply  the  greatest  quantity  and  variety  of 
marbles,  some  specimens  of  which  are  highly  esteemed. 

When  marble  that  has  been  faced  with  a  chisel,  is  intended 
to  be  polished,  it  is  ground  by  rubbing  it  with  rough-grained 
freestone,  assisted  by  sand  and  water,  until  the  chisel  marks 
are  removed.  Finer  and  fine-grained  freestone,  with  water, 
but  no  sand,  is  then  used,  till  the  surface  becomes  very 
smooth.  If  the  Rner  grit-stonea  be  found  too  slow  in  their 
operation,  a  little  fine  nour  of  emery  is  used.  The  last  and 
highest  lustre  is  given  with  oxide  of  tin,  well  known  under 
the  name  of  putty.  When  the  surface  of  the  marble  to  be 
polished  has  been  cut  with  a  saw,  the  very  rough  freestone 
and  sand  are  not  necessary.  In  other  respects  it  must  be 
finished  by  the  same  process. 

Limestone  is  a  coar&e  kind  of  marble,  and  is  cut  and  polished 
D  a  similar  manner.     In  many  districts,  it  forms  immense 

PiMrata.     From  its  great  hardness,  it  is  only  hammer-dressed 
1  used  for  the  fronts  of  buildings;   but  when  this  is  done 
1  the  best  manner,  the  effect  is  very  fine. 
I   The  stone  most  commonly  used  in  London,  is  Portland 
:,  which  is  brought  from  the  island  of  Portland  in  Dorset- 
It  is  of  a  dull  whitish  colour,  though  the  buildings  con- 

f  •trucled  with  it  have  a  handsome  appearance.  When  recently 
dug,  it  is  soft,  and  easy  to  work,  but  acquires  hardness  with 

'  *^e.  Although  it  contains  silex,  the  hardness  it  acqiilres'is 
not  so  great  that  it  will  strike  fire  with  steel.     Under  great 

'  .pressure,  Portland  stone  is  apt  to  splinter  at  the  joints. 

'  -r  Purbeck  stone  ia  brought  from  the  island  of  Purbeck,  also 
in  Dorsetshire ;  it  is  mostly  employed  in  rough  work,  such  as 
atejps,  paving,  8tc, 

Freestone  is  a  general  name  for  stones  of  very  different  qua- 
lities as  to  their  value  in  building.  It  consists  of  clay  and 
silex,  sometimes  the  silex  amounts  to  nearly  one-half  its  weight, 
but  generally  it  is  considerably  less,  and  the  hardness  of  the 
•tone  varies  with  the  proportions  of  its  component  parts. 
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is  often  called  grit  or  sand  stones  It  is  a  Tery  plentiful  stone; 
the  strata  of  entire  districts,  under  a  slight  covering  of  aoil, 
appearing,  in  various  instances,  to  be  composed  of  it.     Thft 

E articles  of  some  kinds  of  it  have  so  little  cohesion,  that  smmli 
its  may  be  granulated  between  the  fingers;  this  is  the  sort 
commonly  used  for  filtering->stones.  All  kinds  of  it  are  softer 
when  taken  out  of  the  quarry,  than  they  afterwards  become 
when  dry,  or  after  long  exposure  to  the  atmosphere.  Freestone 
is  generally  about  two  and  a  half  times  the  weight  of  water. 
That  from  HoUington,  near  Utoxeter,  is  of  a  whitish  or  yellow- 
ish gray;  that  from  Knipersly,  in  Staffordshire,  is  of  a  bluish 
gray,  and  so  infusible  as  to  be  used  as  a  fire  stone.  The  co« 
lour  of  freestone  is  often  a  dull  red,  but  sometimes  so  neariy 
white,  that  buildings  constructed  with  it  look  as  well  as  those 
of  Portland  stone.  Different  parcels  of  freestone,  taken  from 
the  same  quarry,  frequently  exhibit  a  considerable  diversity  of 
colour ;  a  circumstance  which  gives  a  motley  appearance  to 
buildings  in  other  respects  perhaps  faultless.  Wnen  the  stone 
has  been  recently  dug,  and  is  damp,  these  differences  are  often 
not  perceptible.  If,  therefore,  uniformity  of  appearance  be 
desired,  tne  stones  should  be  faced,  dried,  and  sorted  before 
they  are  used.  Freestone  is  incapable  of  receiving  a  polish, 
and  therefore,  when  it  has  been  cut  with  a  saw,  it  is  rarely  sub^ 
mitted  to  any  subsequent  operation  to  produce  greater  smooths 
ness ;  but  when  it  has  been  reduced  with  the  chisel,  it  is  made 
smooth  with  another  piece  of  stone  of  the  same  kind,  along  with 
sand  and  water.  When  the  freestone  has  a  laminated  texture, 
it  is  called  fiag-stone,  and  is  divided  into  thin  pieces  for  the 
*  purpose  of  covering  houses,  and  for  flooring. 

The  position  which  stones  have  had  in  the  quarry,  is  not  a 
matter  of  indifference  to  the  attentive  mason.  Stones  intended 
to  sustain  great  vertical  pressure,  as  pillars,  should  stand  in  a 
building  as  they  stood  m  the  quarry  from  which  they  wer^ 
taken;  for  pillars,  the  axis  of  which  were  horizontal  in  the 
quarry,  when  placed  perpendicularly,  are  apt  to  split  under  a 
great  strain.  Perhaps  all  stones,  however  solid  they  may  ap- 
pear, possess  more  or  less  of  a  laminated  texture,-^a  property 
doubtless  occasioned  by  separate  depositions,  or  "brystalliza* 
tions  of  their  peculiar  matter.  What  kind  of  a  pillar  any  stone 
well  known  to  be  laminated,  would  produce,  in  different  posi* 
tions,  it  is  not  difficult  to  conjecture.  If,  for  example,  a  block 
of  flag-stone  were  converted  into  a  pillar,  so  as  to  leave  each 
lamina  or  flag  of  which  it  is  composed  posited  horizontally,  it 
would  sustain  any  weight  not  capable  of  crushing  it  to  atoms; 
but  if  the  lamina  were  plaoed  in  an  inclined  position,  so  as  to 
form  an  acute  angle  with  the  aocis,  an  inconsiderable  pressure 
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would   occireion   tliem,  where  the   cohesion  was  slightest,  to 

"*aIideover  each  otlier;  lastly,  if  (lie  lamina  were  placed  parallel 

to  the  axis,  the  pillar,  under  sufficient  iKeaaure,  would  divide 

rerticaily  into  several  pnrts,  and  thougn   rather  stronger  than 

in  the  last  instance,  would  still  be  comparatively  weak-     An 

ttention  therefore  to  th«  position  of  stones,  and  to  veins  or 

which  may  indicate  the  exi«t«ncc  of  lamina,  well 

iserves  the  niiinon'a  regard, 

0/  Cementi,  ■ 

_  The  ct-ment  used  by  the  mason,  for  the  ordinary  purposes 
■4f  walling,  is  mortar,  differing  not  from  that  used  by  the  brick- 
iayer^  and  as  we  have  already  treated  of  this  subject  rather  at 
lt;Dgth,a  few  i-emarks  in  this  place  ivillsuQice.  For  thejoints 
of  hewn  stone,  the  mortar  should  be  much  finer  than  the  brick- 
layer requires;  and  sometimes  a  mixture  of  oil-putty,  or  very 
thick  white-lead  paint,  is  ysed  as  the  cemenL  Tiiese  compo- 
sitions will  last  longer  than  almost  any  stones,  and  will  remain 
prominent  when  the  face  of'the  softer  kinds  of  stone  has  been 
corroded  by  age. 

The  cement  used  in  setting  column  stones,  is  mostly  oil- 
putty,  or  white  lead  mixed  witli  chalk-putty,  or  fine  mortar. 
Sometimes  columns  arc  set  upon  milled  lead  ;  in  this  case,  the 
lead  should  not  l}e  quite  equal  to  the  column  in  diameter,  but 
so  as  to  leave  a  narrow  ring  externally,  which  must  be  filled 
with  oil-putty. 

In  situations  not  exposed  to  damp,  plaster  of  Paris  is  employ- 
ed as  a  bedding  for  stones  or  marble.  When  a  mantle-piece  is 
composed  of  valuable  marble,  the  various  pieces  are  commonly 
very  thin.  In  this  case,  a  considerable  thickness  of  plaster  of 
Paris  is  laid  on  the  back,  and  n  slate  or  some  ordinary  stone 
bedded  in  it,  to  give  greater  strength.  Good  plaster  of  Paris  is 
Bcarcelv  to  he  fhel  with,  nor  are  the  causes  of  its  imperfections 
generafly  understood  by  workmen.  We  shall  therefore  point 
them  out,  and  give  directions  for  preparing  it.  of  a  uniform  and 
excellent  quality,  when  we  treat  of  casting  in  plaster. 

The  Greeks  and  Romans  constructed  their  works  of  wrought 
ithout  cement;  but  as  they  used  a  profusion  of  cramps 

id  bands  of  iron  and  bfonie,  and  the  beds  of  the  enormous 
'Stones  they  used  were  finished  with  almost  mathematical  pre- 
cision, their  edifices  were  substantial  and  durable  in  the 
highest  degree.  Metallic  bands  and  cramps  are  still  used  in 
aquatic  works,  as  well  as  for  lofty  steeples,  and  other  slender 
buildings  umch  exposed  to  the  action  of  the  windsi  also  to 
connect  the  dilTerent  stones  composing  mantle-pteces,  &c. 
ivith  the  wall.  ' 
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Of  Stone  Walk. 

The  propriety  of  erecting  suspended  or  inverted  archei> 
according  to  circumstances,  and  other  general  directions 
already  given  respecting  foundations,  being  as  applicable  to 
stone  walls  as  to  those  of  brick,  need  not  be  adverted  to 
again.  The  explanation  of  a  few  technical  terms  will  there* 
fore  be  our  first  object. 

Stones  which  run  through  the  thickness  of  a  wall,  in  order 
to  bin8  it,  are  called  bond  stones;  in  some  parts  of  the  country 
they  obtain  the  name  o{  through  stoneS. 

When  the  side  or  sides  of  a  wall  lean  back,  so  that  the  plumb 
would  fall  within  the  base  of  the  wall,  the  inclination  is  ealled 
battering;  it  is  generally  made  about  one  inch  in  a  foot. 

The  large  stones  at  tne  base  of  a  foundation,  which  project 
beyond  the  vertical  surface  or  front  of  the  superincumbent 
wall,  are  cMed  footings. 

The  parts  of  a  wall  between  apertures,  or  between  an  aper- 
ture and  the  corner,  are  called  piers. 

The  beds  of  a  stone  are  its  upper  and  under  surface,  which 
are  generally  iti  a  horizontal  position  within  the  wall. 

Walls  built  with  unhewn  stone,  with  or  without  mortar,  are 
called  rubble  walls.  Rubble  walls  are  of  two  kinds,  the 
coursed  and  the  uncoursed.  In  the  coursed,  the  stones  are 
hammer-dressed  or  axed,  and  adjusted  by  a  sizing  rule,  so  that 
each  row  of  stones  forms  a  horizontal  surface.  In  the  un* 
coursed,  the  stones  are  used  in  a  rough  state,  nearly  as  they 
come  out  of  the  quarry. 

Wails  which  are  faced  with  squared  stones,  hewn  or  rubbed, 
and  backed  with  rubble,  stone,  or  brick,  are  called  ashlar. 

WalUplateSy  are  horizontal  pieces  of  timber,  commonly  laid 
even  with  the  interior  of  walls,  for  the  ends  of  the  joists  and 
other  timbers  to  rest  upon.  * 

The  footings  of  walls  ought  to  consist  of  the  largest  stones 
which  can  be  conveniently  probured.  It  is  better  to  have  them, 
of  a  rectangular  form  than  any  other,  and  if  not  square,  their 
largest  surfaces  should  be  laid  horizontally.  With  this  shape 
and  disposition,  they  will  make  the  greatest  resistance  to  sinV* 
ing.  If  the  stones,  intended  to  be  employed  as  footings,  de- 
viate materially  from  a  rectangular  figure,  when  received  from 
the  quarry,  they  ought  to  be  hammer-dressed  ;  as,  if  they  taper 
downwards,  or  rest  upon  angular  ridges,  they  will  be  apt  t6 
give  way  under  the  weight  of  the  superstructure.  When  the 
footiiigs  can  be  obtained  the  full  breadth  of  the  wall  in  one 
piece,  they  are  to  be  preferred ;  but  when  a  sufficient  number 
tof  stones  of  this  description  cannot  be  obtained,  then  everr 
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alternate  stone  in  the  course  may  be  the  whole  breadth,  with.  I 
two  stones  next  to  it,  disposed  like  two  stretchers  in  a  nine-"^J 
inch  wall  of  Flemish  brick-work.  When  the  largest  stones  1 
which  cau  be  conveniently  obtained,  are  insufficient  even  fofj 
the  latter  arrangement,  the  most  suitable  which  can  be  prOf^^ 
cured,  must  be  disposed  so  as  to  break  in  the  best  manner  I 
circumstances  will  admit,  theverticaljoints  in  the  same  course^,  f 
as  well  as  those  of  the  different  courses  with  respect  to  eac^fl 
other.     Each  course,  also,  should  be  well  bedded  in  mortar.   '  T 

When  bond  timber  will  be  required,  the  uncoursed  rubble  ifr  I 
an  inconvenient  mode  of  building,  as  the  heights  on  whicfe  I 
they  are  disposed  must  be  levelled.  The  best  kind,  or  coursed  J 
I'ubble,  admits  of  bond  timbers  without  difficulty,  for  though;' J 
the  diiferent  courses  are  not  of  the  same  height,  the  surface  oC  1 
each  of  them  in  level ;  but  as  the  walls  in  which  bond  timbeti  T 
are  introduced,  are  apt  to  warp  or  even  fall  in  case  of  fir«,  th^  | 
use  of  them  should  be  avoided  in  strong  weli-built  walls. 

The  stones  of  an  ashlar  front  should  have  their  upper  aa4  I 
under  surface  correctly  parallel  with  each  other,  and  correct^ 
at  right  angles  to  the  face.  If  these  surfaces  be  carelessly  left 
concave,  they  will  be  apt  to  splinter  near  the  edge  under  great 
pressure.  On  the  right  and  left  they  sjiould  taper  inwards,  bat 
the  taper  should  not  he  continued  quite  to  the  face,  though 
it  may  reach  the  face  within  an  inch  or  two.  The  ashlai 
stones  having  the  form  of  a  truncated  wedge,  they  will,  in  each 
course,  present  a  series  of  angular  indentations  within  the 
wall,  like  the  spaces  between  the  teeth  of  a  saw.  The  stones 
are  so  selected  and  disposed  that  the  vertical  or  upright  joints, 
and  consequently  the  angular  spaces,  of  one  course  fall  on  the 
middle  of  the  stones  below.  By  this  means  the  ashlar  face  is 
bonded  to  the  rubble,  brick,  or  rough  stone  of  the  back,  and 
the  strength  of  the  wall  much  greater  than  if  each  stone  was 
of  an  equal  rectangular  figure.  Strength  is  also  to  be  pro- 
moted by  adopting  a  plan  not  commonly  regarded,  that  of 
sorting  tile  stones,  so  that  in  each  alternate  course  they  will 
extend  farther  into  the  wall  than  those  of  the  course  immedi- 
ately  above  and  below.  In  ashlar  work,  the  bond  stones, 
which  ought  frequently  to  be  introduced,  cannot  like  the  other 
stones  have  a  wedge-like  form ;  they  must  be  rectangular;  aod 
they  produce  the  best  effect,  wlien  so  disposed  in  each  coutm 
that  they  will  be  opposite  the  middle  of  the  space  between 
the  two  bond  stones  in  the  course  immediately  above  and  be- 
neath theoi. 
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When  large  stone  columns  mre  made  in  one  piece»  •  ili^ir 
BfFect,  from  that  circumstance  alone,  is  rery  striking;  but  as 
this  advantage  is  not  always  obtainable,  the  next  object  is  to 
make  the  joints  as  few  ana  as  minute  as  possible,  as  well  as  to 
be  rery  attentive  in  selecting  the  dififerent  stones  to  be  com* 
bined,  that  the  joints  may  not  be  descried  at  a  distance,  by 
the  commencement  of  a  different  colour.  From  H'hat  hsii 
been  said  in  the  section  on  the  different  kinds  of  stone,  it  will 
be  understood,  that  none  but  boritontal  joints  can  be  allowed 
in  any  shaft ;  sdl  others  being  inconsistent  with  the  laws  ^ 
strength. 

The  stones  proper  for  an  intended  column  being  procunsd, 
atid  the  order  in  which  they  are  to  succeed  each  otner  being 
deteimined,  the  next  consideration  will  be  to  ascertain  the 
exact  diameter,  proper  for  each  end  of  every  one  of  them.  For 
this  purpose,  draw  an  elevation  of  the  proposed  column  to  the 
full  size,  divide  it  by  lines  parallel  to  the  base,  into  as  miuiy 
heights  as  the  column  is  intended  to  contain  stones,  taking 
care  that  none  of  the  heights  exceed  the  length  that  the  stones 
win  produce.  The  working  of  the  stones  to  the  diameters 
thus  obtained  then  becomes  easy.  The  ends  of  each  stone 
must  first  be  wrought  so  as  to  form  exactly  true  and  parallel 
planes.  The  two  beds  of  a  stone  being  thus  formed,  find  thett 
centres,  and  describe  a  circle  on  each  of  them.  Divide  these 
circles  into  the  same  number  of  equal  parts,  which  may,  for 
example,  amount  to  six  or  eight.  Draw  lines  across  each  end 
of  the  stone,  so  that  they  will  pass  through  the  centre,  and 
through  the  opposite  divisions  of  the  same  end.  The  extre* 
mities  of  these  lines  are  to  regulate  the  progress  ojf  the  chisel 
along  the  surface  of  the  stone,  and  therefore  when  Uiose  of 
one  end  have  been  drawn,  those  of  the  other  must  be  made  in 
the  same  plane,  or  opposite  to  them  respectively.  The  cylin^ 
drical  part  of  the  stones  must  be  wrougnt  with  the  assiataBce 
of  a  straight-edge ;  but  for  the  swell  of  the  column,  a  dimi-^ 
nishing  rule,  that  is,  one  made  concave  to  the  line  of  the  co^ 
lumn,  must  he  employed.  This  diminishing  rule  will  serve  to 
plumb  the  stones  m  setting  them.  If  it  be  made  the  whole 
length  of  the  column,  the  heights  into  which  the  elevation  of 
the  column  is  divided,  should  be  marked  upon  it,  so  that  it 
may  be  applied  to  give  each  stone  its  proper  curvature.  But 
as  the  use  of  a  long  diminishing  rule,  when  the  stones  are  in 
many  and  short  lengths,  would  be  inconvenient,  rules  coite- 
SDonding  in  length  to  that  of  the  different  heights,  may  be  em- 
ployed with  advantage. 


^p 

BVlLDtKC. 

-Mt 

To 

dRwihccnrreoriihift. 

or  the  JifTerent  methods  which  may  be  practised,  to  obtoig 
Uie  curvature  of  the  rule  to  be  used  in  the  diminution  of  tlie 
shufl  of  a  column,  the  following  may  be  considered  the  easietf 
and  best  adupted  for  general  use:  Let  A  E,  6g.  12,  pt.  I.  re- 
preeeut  the  height  of  the  column,  e^  the  semi-diameter  of  the   ' 
luivtr  part,  and  g  h  the  semi -diameter  of  the  upper  part,  ac- 
cording to  the  customary  proportion  of  the  diminution.     Ab 
iLe  lower  one-third  of  the  column  must  be  cylindrical,  draw  a 
line  from  e  to  i,  parallel  to  A  B.     What  we  now  want  is,  to 
obtain  a  curved  line  from  i,  which  will  fall  intog  without  mak- 
ing the  diameter  of  the  upper  two-thirds  of  the  column  in  any 
pouit  greater  than  that  of  the  lower  or  cylindrical  third.    Wita 
the  radius  i  k,  draw  the  quarter  of  a  circle  C.     Draw  a  line 
froui  the  narrowest  part  of  the  column,  that  is  from  g,  parallel   i 
tg  the  axis  or  middle  line  A  B,  till  it  cuts  the  quadrant  of  a 
cnule  C.     Divide  the  arc  contained  between  i  and  the  point 
wlii;re  g  cuts  C,  into  four  equal  parts,  as  /,  m,  n,  o,  and  divide 
the  heiglit  A  k  into  the  same  number  of  divisions  as  this  are, 
as  1,2.3.    From  the  point  m.  draw  a  line  parallel  to  the  axif, 
which  will  cut  the  transverse  line  S  at  v;  from  n  draw  another   ' 
line  parallel  to  the  axis,  which  will  cut  the  transverse  line  2  in  \ 
wi  in  the  same  manner  draw  a  line  from  o  to  the  transverse  lim 
1,  which  it  will  cut  in  j:.     Now  the  curved  line  of  the  colurani 
between  i  and  g,  must  pass  through  the  points  x,  w,  v;  there-   , 
fore  at  or  near  all  the  points  from  i  to  g  inclusive,  drive  in  two   i 
]>ins  or  nails,  in  such  a  manner  that  the  direction  in  which  each  ' 
[jait  of  nails  stand  shall  be  the  same  as  the  transverse  lines  oS 
the  coiurau.     Between  each  pair  of  nails,  atso,  tjiere  must  be 

{'ust  sufficient  space  left  to  admit  a  thin  slip  of  wood,  like  a 
a.th,  or  some  other  equally  flexible  substance,  and  care  must 
be  taken  to  fix  the  nails  in  such  a  position,  that  when  this  slip 
of  wood  is  placed  between  them,  either  its  tuner  or  its  outct  J 
perpendicular  surface  shall  exactly  coincide  with  the  sevend'^ 
points  of  diminution  i,  j,  w,  v,  g.     This  being  done,  it  is  eaay,  " 
with  a  pencil  or  any  marking  instrument  suited  to  the  surface 
worked  upon,  to  draw  a  line  along  the  slip  of  wood,  whitA 
line  will  be  the  curve  of  the  shaft.     The  piece  intended  to  bft   I 
used  as  a  diminishing  rule  may  have  the  curve  made  on  U,  or  ' 
transferred  to  it,  as  may  be  deemed  most  convenient.     It  ^yiU  J 
also  be  understood,  that  the  number  of  the  parts  into  whiokl 
the  arc  I  i,  and  the  height  A  k  are  divided,  and  which  deleft.  J 
mine  the  number  of  diminishing  points  obtained,  may  t)*^ 
varied  at  pleasure.     In  no  case,  however,  can  it  be  consiuereji  I 
advisable  to  make  these  divisions  fewer  thun  four,  though  for  ' 
lofty  columns  they  may  be  made  two  or  three  Uiucs  that  num 
^ler,  as  they  constitute  so  many  chtcka  upon  the  irregular  a 
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imperfect  flexibility  of  the  lath  or  spring  rule.  As  so  much  of 
the  beauty  of  a  shaft  depends  upon  the  easy  and  imperceptible 
transition  from  the  cylindrical  to  the  tapering  part,  it  may  be 
advantageous  to  divide  the  arc  from  t  to  o  into  two  parts,  and 
the  division  k  1,  of  the  shaft,  also  into  two  parts;  a  diminish- 
ing point  will  then  be  obtaiYied  between  t  and  x,  which  will  be 
of  use  to  lessen  the  possibility  of  imperfection.      ^ 

Another  mode,  which  we  shall  recite,  of  diminishing  a  shaft, 
is  not  essentially  different  from  the  preceding:  divide  the 
shaft  from  D  to  E,  fig.  17,  into  four  parts,  as  1,  2,  3;  divide 
the  space  EF,  which  is  the  difference  between  the  superior 
semi-diameter  B  r.  and  the  inferior  or  lower  diameter  D  a, 
into  the  like  number  of  parts,  viz.  four.  Draw  lines  from  each 
division  on  EF  tending  to  the  point  D.  The  first  line  next  to 
F  will  reach  to  D,  the  point  from  ^hich  the  diminution  com- 
mences, in  a  direction  parallel  to  the  axis;  the  next  line,  reck- 
oning from  the  same  side,  will  give  the  point  a :  the  third  line 
the  point  b;  and  the  fourth  line  the  point  c:  a  line  from  the 
point  £,  which  is  the  limit  of  the  diminution,  nef*d  not  be 
drawn.  The  points  E,  c,  6,  a,  D,  constitute  the  y>laces  where 
the  nails  must  be  driven  in,  to  direct  the  path  of  the  lath  as 
in  the  last  example.  Some  artists  prefer  this  mode  of  dimi- 
nution. Here,  also,  as  before,  the  number  of  tlie  divisions  is 
optional,  but  a  greater  error  may  be  committed  by  making 
them  too  few  than  too  numerous.^ 

To  draw  the  flutes  and  fillets  on  the  shaft  of  a  column,  the 
following  will  be  found  an  easy  and  effectual  method :  let  A, 
fiff.  10.  pi.  II.  be  the  shaft;  make  a  hole  exactly  in  the  centre 
of  both  ends,  and  into  each  hole  drive  a  piece  of  wood,  so  as 
to  be  quite  tight,  and  to  project  five  or  six  inches.  The  pro- 
jecting parts,  b  h,  of  the  pieces  of  wood,  must  be  well  rounded 
off,  and  made  e>factly  in  the  middle  of  the  ends.  Being  pro- 
vided with  a  diminishing  rule,  made  as  above-mentionea  to 
the  curve  of  the  shaft,  it  may  here  be  used  as  the  ruler,  by  fix 
ing  it  in  a  groove  in  two  pieces  of  wood,  cc,  so  as  to  revolve 
with  them  upon  the  pins  ft  6.  The  edge  of  the  rule  must  be 
brought  very  near  the  shaft,  and  one  side  of  it  must  tend 
exactly  to  the  centre,  which  is  done  by  giving  that  direction 
to  one  side  of  the  grooves  in  cc,  as  shewn  by  the  dotted  lines 
a  a.  As  the  diminishing  rule  d,  is  commonly  made  rather 
slender,  and  therefore  will  be  apt  to  bend  with  the  force  em- 
ployed to  draw  the  lines,  it  will  be  proper  to  fix  a  piece  of 
wood,  of  su£Scient  thickness  to  keep  it  straight,  on  the  back, 
or  that  side  of  it  which  does  not  tend  to  the  centre.  As  in 
marking  a  long  column,  there  may  be  so»ie  difficulty  in  keep- 
ing the  rule  steady,  while  the  lines  are  drawn,  the  strong  piece 
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of  wood  thus  attached  to  the  back  of  the  diminishing  rule,  may 
have  one,  two,  or  more  screws,  according  to  its  len<^th,  passing 
through  it,  ^^ff*  and  pressing  against  the  shafl,  by  whicn 
means  the  rule  will  be  staid  at  any  part  of  a  revolution,  much 
more  effectually  than  with  the  assistance  of  several  men.*  The 
screws  ought  to  be  of  wood,  or,  if  iron,  their  extremitieis  should 
be  prevented  from  injuring  the  atone,  by  the  interposition  of  a 
flat  piece  of  metal,  or  some  other  suitable  substance.  These 
arrangements  being  made,  the  lines  desired  may  be  drawn  with 
any  sharply-pointed  steel  instrument  kept  close  to  the  rule,  with 
the  greatest  ease  and  precision,  from  divisions  previously  mark- 
ed at  one  end.  To  obtain  these  divisions,  suppose  it  were 
desired  to  flute  the  Ionic,  the  Corinthian,  or  Composite  co- 
lumns, the  circumference  at  one  end  will  be  divided  into  six 


equal  parts,  by  taking  half  the  diameter  at  that  end,  and  apply- 
ing it  round  the  said  circumference ;  and  if  each  of  these  divi- 
sions be  divided  into  four,  the  whole  circumference  will  be  di- 
vided into  twenty-four.  In  order  to  make  the  proportion  of  a 
flute  to  a  fillet  as  one  to  three,  divide  any  one  of  these  last  di- 
visions, or  twenty-fourth  part  of  the  circumference,  into  font 
equal  parts,  and  one  of  these  parts  will  be  the  breadth  of  a  fil- 
let ;  which  being  set  off*  from  the  same  side  of  each  division,  the 
whole  shaft  will  be  properly  divided  for  flutes  and  fillets,  and 
consequently  prepared  for  the  use  of  the  rule. 

To  draw  the  flutes  and  fillets  on  a  diminished  pilaster,  make 
a  line  down  the  middle  of  the  face  of  it,  from  top  to  bottom ; 
divide  this  longitudinal  line  into  any  convenient  number  of 
equal  parts,  and  through  the  points  of  division  draw  transverse 
lines  crossing  the  breadth  of  the  pilaster ;  set  off  the  flutes 
and  fillets  on  each  transverse  line;  fix  pins  or  nails  at  each  cor- 
responding point  of  the  transverse  line,  and  draw  the  lines 
with  the  help  of  a  pliable  slip  of  wood,  as  in  obtaining  the 
diminution  of  a  shaft. 

Stone  Bridges. 

Here  it  will  be  proper,  in  the  first  place,  to  give  an  explana- 
tion of  the  principal  terms  used  in  speaking  of  bridges. 

The  abutments  of  a  bridge  are  the  walls  adjoining  to  the 
land,  each  of  them  supporting  the  end  of  an  extreme  arch. — 
The  walls  supporting  the  ends  of  the  arches  between  the  abut- 
ments, are  called  piers. 

The  imposts  are  the  highest  course  of  the  stones  of  piera^ 
from  which  an  arch  immediately  springs,  and  which  project  a 
little  from  the  piers. 

Batterdeau,  or  Coffer-dam,  a  case  of  piling,  to  divert  the 
stream  of  a  river  while  the  piers  are  builcting. 


SM  BUIiiDIKO* 


DtMiwm§.--'B0^flMiiM  of  t  good  hridgo. 


The  jpan  of  an  arch  is  its  greatest  horizontal  width. 

Caissons  are  lar^e  hollow  vesBels,  framed  of  strong  timben» 
and  made  water  tigbt^  which  being  launched  and  floated  to  a 
proper  position  in  the  river,  where  the  bed  has  been  previously 
excavated  and  levelled,  are  there  sunk.  The  piers  of  the 
bridge  are  built  within  them,  and  when  carried  up  above  or 
nearly  to  the  level  of  the  water,  the  sides  of  the  caisson  ace 
detached  from  the  bottom,  and  removed;  the  bottom  is  left 
remaining,  and  serves  for  a  foundation  to  the  pier. 

Drift,  push,  shoot,  thrust,  terms  used  indiscriminatelv,  to  ex- 
press the  horizontal  force  of  an  arch,  by  which  it  endeavours 
to  spread  itself  out  and  overset  the  piers  and  abutments. 

lae  extrados  of  anarch  is  the  outside  or  convex  curve  on  the 
top  of  the  arch  stones:  hence  the  extrados  of  a  bridge  is  the 
curve  of  the  road-way.  Extrados  is  the  term  opposed  to  m- 
trados^  which  signifies  the  concave  side  of  an  arch. 

Those  stones,  one  side  of  which  is  in  front,  and  another  side 
forms  part  of  the  intrados  of  an  arch,  are  called  voussiArs  or 
arch^tones;  the  middle  voussoir,  at  the  summit  of  the  arch^ 
which  is  put  in  last,  for  wedging  and  closing  the  whole,  is  also, 
and  indeed  most  commonly,  called  the  key-stone. 

Parapets  are  the  low  walls  erected  on  the  sides  of  the  extra- 
dos or  road-way  of  a  bridge,  for  the  safeguard  of  passengers. 

These  explanations  being  premised,  we  may  proceed  with 
the  subject.  Palladio  observes,  that  bridges  ought  to  have  the 
same  qualifications  which  are  deemed  necessary  in  all  build- 
ings of  consequence,  namely,  that  they  should  be  convenient* 
beautiful,  and  lasting.  To  make  a  bridge  lasting,  the  good- 
ness of  its  foundation  is  one  of  the  most  important  things  to 
be  attended  to ;  to  make  it  convenient,  an  easy  ascent,  and  a 
width  suited  to  its  situation,  are  absolutely  necessary;  and  to 
make'it  beautiful,  its  workmanship  muist  be  good,  and  its 
several  parts  well  designed  and  proportioned. 

Bridges  ought  always  to  be  constructed  at  right  angles  to 
the  current.  The  piers  ought  to  be  so  proportioned,  as  to  en- 
able them  to  withstand  the  thrust  of  the  adjoining  arches, 
though  the  rest  were  thrown  down;  y^t  to  fall  short  of  the  size 
required  for  this  purpose,  would  hardly  be  a  greater  fault  than 
materially  to  exceed  it;  for  when  the  piers  are  unnecessarily 
large,  the  current  being  contracted,  increases  its  velocity,  ana 
is  apt  to  undermine  the  foundation. 

A  judicious  regard  to  local  circumstances,  is  always  of  great 
importance  to  the  durability  of  a  bridge.  Over  rivers  which 
are  subject  to  great  inundations,  arches  that  will  be  dry  at 
ordinary  seasons  will  often  be  necessary;  and  when  a  choice 
with  respect  to  the  situation  can  be  made,  a  wide  part  of  the 
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ream  s'hould  be  preferred  to  Uie  narrow  part,  because  the 
Utter  at  the  narrow  part  has  not  only  a  greater  velocity  than 
^  the  other,  but  that  velocity  would  be  increased  by  the 
»ce  which  the  piers  would  occupy.  Another  point  to  be 
fcly  regarded  in  selecting  th&site  of  a  bridge,  is  the  solidity 
i  otherwise  of  the  ground  in  dtflfereiit  parts  of  the  liver,  for 
pe  foundations  of  piers  and  abntments.  An  immense  ex- 
mse  in  piling,  and  other  artificial  means  of  improving  in- 
lequate  ground,  may  often  be  saved  by  proper  attention  in 
lis  respect. 
►•The  arches  in  a  bridge  ought  to  be  an  odd  number,  that  one 
t  them  may  stand  in  the  middle,  where  the  velocity  of  the 
Iream  is  greatest.  The  middle  arch  is  also  to  be  made  the 
ge^t.  As  the  expense  of  piers  is  very  considerable,  besides 
(  perpetual  inconvenience  of  thera  in  navigable  rivers, 
ndges  should  always  be  constructed  with  the  fewest  arches 
tosible. 

'■With  regard  to  the  most  suitable  ciirve  for  Uie  arches  of  a 
tiiige,  the  subject  has  been  much  controverted.  Not  only 
rchitects,  but  mathematicians  have,  on  this  point,  differed 
iHdely  from  each  other.  This  diversity  of  judgment  seems  to 
re  been  perpetuated  by  the  fact,  that  bridges  of  acknow- 
ged,  and  to  all  appearance  of  equal  excellence,  have  been 
^instructed  with  semi-circular,  semi-elliptical,  and  curves  of 
^fcrious  other  denominations,  and  consequently  possessing  very 
Hfferent  properties.  Some  have  contended  that  semi-circular 
^hes  ought  in  most  cases  to  be  preferred,  because  they  press 
jre  perpendicularly  upon  the  piers  than  smaller  portions  of 
Icles,  and  in  proportion  to  their  number  will  diminish  the 
Wessure  on  the  abutments.  Others  have  preferred  the  eliip- 
■cal  curve,  where  the  arches  were  to  be  large  and  but  few  in  ' 
■Umber,  because  the  extensive  radius  of  the  semi-circular  arcb 
Irpuld  occasion  the  central  part  of  the  estrados  or  road-way 
B  be  very  inconveniently  elevated.  This  objection  to  the 
ftmi-circular  form  is  obviated  by  adopting  the  elliptical  one, 
"Sd  Muller  asserts  that  the  elliptical  arch  does  not  press 
^inst  the  piers  with  a  greater  force  than  a  circular  one ;  and 
ring  lighter,  from  requiring  a  smaller  quantity  of  materials 
nil  consequently  be  mora  lasting. 
*'  As  the  strength  of  a  bridge  depends  so  much  on  mathemati- 
cal principles,  it  seems  natural  to  look  for,  and  to  regard  with 
deference,  the  opinions  of  the  most  eminent  mathematiciani. 
If  mere  theorists  differ  from  each  other,  those  who  enjoy  alike 
the  lrgh>of  theoretical  and  practical  knowleds;e.  may  discover 
the  sources  of  the  errors  which  have  occasioned  contradictory 
deductions.    It  was  the  opinion  of  the  celebrated  Dr.  Huttoll. 


ittHt  BUILDING. 


Ank  of  •qvOibnIioB. 


■d^h 


late  professor  of  the  mathematics  to  thero^al  military  academy^ 
Woolwich,  that  the  mechanical  arch  of  equilibration  is  Uie 
only  perfect  one  adapted  to  the  principles  of  bridges.  This 
arch,  it  is  asserted,  being  in  exact  equilibrium  in  all  its  parts, 
can  have  no  tendency  to  break  in  one  part  more  than  another, 
and  must  therefore  be  the  safest  and  strongest.  A  ti^ble  for 
constructing  the  arch  of  equilibration,  is  given  in  the  Doctor's 
Mathematical  and  Philosophical  Dictionary,  under  the  article 
Bridge.  To  explain  the  nature  of  the  equilibrated  arch,  we 
shall  advert,  in  the  first  place,  to  the  construction  of  the  cate- 
narian curve.  If  a  perfectly  flexible  rope,  of  equal  thickness 
and  density  in  every  part,  were  fastenea  by  its  ends  to  hooks^ 
or  some  ouier  supports,  at  any  distance  insufficient  to  draw  it 
tight,  the  position  which  it  would  assume  is  called  the  cate- 
narian curve.  This  is  a  curve  which  has  had  many  advocates, 
among  whom  is  found  the  celebrated  Emerson,  who  considered 
it  of  sJl  curves  the  best  adapted  to  bridge  building.  The  fact 
is,  that  if  the  arch  of  a  bridge  were,  like  the  rope,  of  uniform 
thickness  (which  for  the  present  we  will  suppose  to  imply  uni- 
form density)  in  every  part,  the  catenarian  curve  woula  be  the 
most  proper  for  it,  because  that  curve,  under  such  circum- 
stances, is  a  true  arch  of  equilibration.  Hence,  as  the  uni- 
form thickness  of  an  arch  can  rarely  be  made  compatible  with 
other  objects  in  constructing  a  bridge,  the  catenarian  curve 
can  as  rarely  be  the  proper  arch  to  use.  Every  particular 
form  of  the  extrados  of  an  arch,  requires,  according  to  the 
principles  of  equilibration,  a  difference  in  the  form  of  the 
intrados.  To  render  this  more  clear,  we  will  return  to  the 
consideration  of  the  rope,  suspended  as  above  stated.  Sup- 
posing it  to  hang  along  a  wall,  the  curve  it  exhibits  may  be 
traced.  When  this  has  been  done,  let  the  substance  oi  the 
rope,  on  the  convex  side,  be  increased  in  some  parts,  for 
example,  at  the  haunches ;  it  will  then  no  longer  aescribe  a 
catenary,  and  it  would  be  found  that  every  difference  in  the 
additions  made  to  it  will  produce  a  difference  in  its  curva- 
ture. If  the  experiment  could  be  made  with  materials  really 
possessing  perfect  flexibility,  these  differences  would  be  very 
perceptible,  and  if  the  points  of  suspension  were  at  a  dis- 
tance from  each  other  just  equal  to  the  diameter  of  a  circle 
lirhich  the  rope  would  half  encompass,  it  would  be  found 
'that  the  rope  would  require  the  additions  made  to  it  to  be  as 
•represented  by  No.  2,  fig.  11.  pi.  II.  before  the  concave  side 
eTit  would  describe  a  semi-circle.  But  when  these  addi- 
tions were  made,  the  contour  of  the  figure,  if  introverted,  as 
shewn  by  No.  1,  would  represent  the  section  of  an  equili- 
brated arch,  the  intrados  of  which  should  be  semi-circular.    As 
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an  extrados  or  terminating  line  of  wall  running  up  at  both 
ends  in  this  manner,  is  far  remote  from  any  form  tnat  is  ad- 
missible in  practice,  semi-circular  arches  are  never  balanced 
or  equilibrated;  and  the  advocates  of  the  equilibrating  system 
assert,  that  though  such  arches  have  stood  for  centuries,  this 
event  has  only  happened  in  consequence  of  the  cement  and 
friction  which  have  prevented  the  stones  from  being  pushed 
out  of  their  places.  Hence,  they  add,  that  if  the  materials 
were  only  placed  in  contact,  without  cohesion  or  friction,  they 
would  not  stand  when  the  road-way  was  straight,  or  a  convex 
curve  throughout  the  length  of  the  arch,  or  in  any  other  way 
different  from  the  figure  above  referred  to. 

These  observations  will,  we  hope,  coipmunicate  to  the 
reader,  an  idea  of  the  nature  of  equilibrated  arches.  The 
subject  is  interesting  and  important,  and  to  dismiss  it  with- 
out some  explanation  of  this  kind,  would  be  denying  it  the 
notice  to  which  it  is  fairly  entitled.  Here,  however,  it  may 
be  observed,  that  the  subtle  refinements  of  theory,  whatever 
may  be  their  general  utility,  are  not  always  found  to  be 
directly  applicable  to  practice ;  and  we  may  therefore  some- 
times act  in  opposition  to  them,  not  only  with  safety,  but 
with  advantage.  Bridges,  which  have  not  been  equilibrated, 
have,  as  before  stated,  endured  for  ages,  and  appear  likely 
to  endure  till  the  materials  of  whicn  they  are  composed 
crumble  away.  Hence  we  are  aflTorded  a  reasonable  en- 
couragement to  construct  again  such  arches  as  they  are  com- 
posed of,  whenever  their  form  suits  us  in  other  respects. 
Though  the  mathematical  reasoning  on  arches  of  equilibra- 
tion be  just,  yet  it  applies  with  strict  propriety  only  to  holno- 
geneous  materials,  and  to  structures  acted  upon  by  no  power 
but  that  of  gravitation.  If  the  form  it  prescribes  were  at- 
tended to,  it  would  cease  to  be  an  arch  of  equilibration,  un- 
der the  pressure  of  a  waggon  or  any  other  load;  and  without 
the  friendly  aid  of  cement  and  friction,  would  no  more  be 
able  to  stand  than  any  other  kind  of  an  arch.  In  the  practi- 
cal operations,  also,  of  constructing  a  bridge,,  the  proper  con- 
figuration of  the  stones  for  many  kinds  of  curves,  eitner  can- 
not be  determined  by  any  unexceptionable  rule,  or  if  deter- 
minable, is  apt  to  be  mistaken,  and  subject  to  considerable 
di£Bculties  of^execution.  The  ugi^regate  of  small  deficiencies 
originating  in  this  way,  is,  in  extensive  structures,  incalculably 
subversive  of  strength.  Semi-circular  arches,  or  those  of  any 
less  portion  of  a  circle,  having  all  their  stones  of  the  same 
figure,  and  which  therefore  it  is  easy  to  form  with  correctness, 
and  impossible  to  misarrange  in  the  work,  are,  there  can 
hardly  be  a  doubt,  more  uniformly  built  strong:,  than  any  otiitri 
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kind  of  arobes.  Next  to  circular  curves^  elliptical  ones  admk 
the  stones  of  which  they  must  be  composed  to  be  formed  in 
the  most  certain  and  satisfactory  manner,  and  though  it  may 
be  much  more  difficult  in  them,  than  in  circular  arches,  to 
make  the  surfaces  intended  to  be  in  contact,  press  against 
each  other  simultaneously  and  uniformly  in  every  part,  un- 
der any  constant  or  occasional  weight,  yet  with  care  it  may 
be  done,  or  at  least  the  imperfection  may  be  so  small  as  to 
produce  little  ultimate  disadvantage.  For  other  curves,  it 
appears  difficult  to  contrive  an  easy  and  unexceptionable 
mode  of  forming  the  stones,  or  to  determine  from  wnat  point 
or  points,  their  joints  should  appear  to  radiate;  besides  the 
constant  risk, 'from  their  varied  shapes,  of  putting  them 
in  wrong  places.  .  But  as  semi*elliptical  arches  approxi- 
mate very  nearly  to  the  form  of  equilibrated  arches,  as  their 
contour  is  not  only  graceful,  but,  m  navigable  rivers  especi«» 
ally,  very  convenient,  from  the  elevation  of  their  haunches,  as 
they  can  be  made  also  to  so  great  a  variety  of  heights  uith 
the  same  span,  and  combine  with  these  properties  the  greatest 
facility  of  execution,  next  to  the  circular  form,  the  opinion  of 
architects  generally,  is,  for  extensive  structures,  decidedly  in 
their  favour.  In  small  bridges,  a  semi-circular  arch  may  be 
adopted  with  propriety,  where  the  extra  quantity  of  materials 
required  by  that  form  is  no  object,  and  when  a  strong  arch  ot 
the  easiest  execution  is  desired.  When  a  semi-circular  arch 
would  be  too  elevated  for  the  situation,  a  segment  of  a  circle 
not  exceeding  sixty  degrees,  may  be  employed* — All  arches, 
less  than  a  semi-circle,  are  called  scheme-arches. 

Tilt  dimensions  of  the  piers  of  bridges  are  commonly  deter- 
mined by  those  of  the  arch.  Their  breadth  should  not  exceed 
a  fourth,  nor  be  less  than  one-sixth  of  its  span.  To  break  the 
force  of  the  current,  they  have  mostly  angular  ends  so  as  to  pre- 
sent an  edge  in  front;  though  sometimes  their  ends  are  semi- 
circular, in  order  that  such  oodies  as  are  impetuously  brought 
down  the  river,  when  they  strike  against  them,  may  be  deflected 
towards  the  middle  of  the  arch.    To  prevent  the  stability  of  the 

f»iers  from  being  endangered,  by  the  washing  away  of  their 
oundations,  occasioned  by  an  increased  velocity  of  the  currenti 
the  bed  of  a  river  must  be  sunk  or  hollowed  in  proportion  to 
the  room  taken  up  by  the  piers,  in  order  that  the  water  may 
gain  in  depth  what  it  looses  in  breadth;  or  the  current  may  be 
broken,  by  stopping  the  bottom  with  rows  of  planks,  stakes,  or 
piles.  The  celebrated  Palladio  gives  the  following  proportions' 
of  a  bridge  designed  by  him:  tne  river  was  one  hundred  and 
eighty  feet  wide;  making  three  arches  in  the  bridge,  he  gave 
sixty  feet  to  the  centre  arch,  and  to  the  other  two  forty-eight  feet 
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each.  Tlie  piers  were  twelve  feet  thick,  or  one-fifth  part  of  the 
span  of  the  middle  arch,  and  a  fourth  partof  that  of  the  smaller  ■ 
ones.  The  archee  were  a  little  less  than  a  semi-circle,  and  their 
keystone  one-seventeenth  part  of  the  span  of  the  middle  arch, 
and  one- fourteenth  part  of  the  other  two.  In  an  arcb  of  twenty- 
four  feet,  Palladio  makes  the  length  of  the  keystone  aboat  six- 
teen inches,  which  is  deemed  a  very  eligible  size. 

Autumn  is  in  general  the  most  tavonrable  time  to  lay  the 
foundations  of  a  bridge,  as  it  is  commonly  the  driest  season  of 
the  year,  and  the  consequent  lotvness  of  the  waters  is  favour- 
able to  the  work.  The  .simplest  mode  of  overcoming  the  iooon- 
venience  of  the  water,  in  laying  the  foundations  oi'  piers,  cnn- 
siats  in  turning  the  river  out  of  its  course,  itbove  the  place  de- 
signed for  the  bridge,  into  a  new  channel  cut  for  it  near  wher* 
it  makes  an  elbow  or  turn.  As  this  plan  is,  however,  seldotn 
expedient,  and  ofttn  nut  practicable  at  a  reasonable  expense, 
the  une:  of  the  coH'er-dam,  or  enclosure  to  keep  oil'  the  water,  JB 
much  more  common.  By  the  cotl'er-dom,  a  part  only  at  a  tima 
of  ibt;  bed  uf  the  river  is  enclosed  from  the  water,  which  6owi 
in  a  free  current  along  the  unenclosed  parts  of  its  bed.  Aa 
account  of  the  method  employed  by  the  ingenious  Robert 
Semple  in  laying  the  foundations  of  Essex-bridge,  in  Dublin; 
will  illustrate  this  subject.  Round  the  placewheretheintended 
pier  was  to  be  built,  two  rows  of  strong  piles  were  driven^ 
about  thirty  inches  from  each  other,  and  nhich  were  left  at 
low-wattr-mark.  These  piles  were  lined  with  planks,  between 
which  was  riimmed  a  quantity  of  clay,  and  thereby  the  wall  of 
the  coH'er-dam  was  formed.  Within  this  wall  were  driven  a 
row  of  pilt'8.  dove-tailed  at  their  edges,  so  as  to  receive  each 
other,  and  which  formed  the  extremities  of  the  plan  of  the 
piers  at  tiie  level  of  the  bed  of  the  river.  After  having  dug  to 
a  fine  stratum  nf  sand,  about  four  feet  lower,  within  these  a 
great  number  of  other  piles  were  driven  as  deep  as  they  could  ' 
possibly  be  made  to  penetrate.  The  intervals  of  these  pile) 
were  filled  up,  and  in  order  to  produce  a  solid  foundation,  thtf 
first  course  was  laid  with  mortar  made  of  roarfi-lime  and  fiharp 
gravel,  and  on  this  large  flat  stones  were  rammed  to  about  A 
foot  in  thickness.  On  this  first  course  was  laid  a  thick  coat 
of  dry  lime  and  gravel  of  the  same  quality,  on  which  wers 
again  laid  stones  and  the  mortar  as  at  first ;  and  so  on  alter' 
nately.  until  the  pier  arrived  at  a  level  with  the  piles,  Throli  *■ 
beams,  stretching  the  whole  length  of  the  pier,  from  Bterlin|p" 
to  sterling,  were  fastened  down  to  the  ends  of  these  piles,  ana  ' 
their  intervals  filled  up  with  masonry.  On  this  platform, 
which  was  four  feet  six  inches  under  low-water-mark,  was 
.^id  the  Krst  course  of  stones  for  the  pier,  cramped  togetbert 
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and  jointed  with  terras  mortar  as  usual ;  courses  of  stOBi 
were  laid  in  this  manner,  until  the  piers  were  on  a  level  with 
the  water  at  ebb-tide. 

The  caisson  is  a  contrivance  of  still  more  extended  utility 
than  the  coffer-dam,  from  being  better  suited  to  very  deep  and 
rapid  streams.  The  most  considerable  work  where  caissons 
have  been  employed,  was  in  the  building  of  Westminster-bridge, 
of  which,  thereK)re,  a  particular  account  may  be  interesting. 
Each  of  the  caissons  contained  one  hundred  and  fifty  Ipads  of 
fir  timber,  and  was  of  greater  tonnage  than  a  fri^te  of  forty 
guns.;  their  size  was  nearly  eighty  feet  from  pomt  to  point, 
and  thirty  feet  in  breadth ;  the  sides,  which  were  ten  reel  in 
height,  were  formM  of  timbers  laid  horizontally  over  one  an* 
other,  pinned  with  oak  trunnels,  and  framed  together  at  all  the 
corners,  except  the  salient  angles,  where  they  were  secured  by 
proper  iron-work,  which  being  unscrewed,  would  permit  the 
sides  of  the  caisson,  had  it  been  found  necessary,  to  divide 
into  two  parts.  These  sides  were  planked  across  the  timbers, 
inside  and  outside,  with  three-inch  planks  in  a  vertical  posi- 
tion. The  thickness  of  the  sides  was  eighteen  inches  at  the 
bottom,  and  fifteen  inches  at  the  top ;  and  in  order  to  strengthen 
them  more,  every  angle,  except  the  two  points,  had  three  oaken 
knee  timbers  properly  bolted  and  secured.  These  sides,  when 
finished,  were  fastened  to  the  bottom  or  grating,  by  twenty- 
eight  pieces  of  timber  on  the  outside,  and  eighteen  within, 
called  straps,  about  eight  inches  broad  and  three  inches  thick, 
reaching  and  lapping  over  the  tops  of  the  sides.  The  lower 
part  of  these  straps  were  dove-tailed  to  the  outer  curb  of  the 
grating,  and  kept  in  their  places  by  iron  wedges.  The  pur- 
pose to  be  answered  by  tnese  straps  and  wedges  was,  that  ' 
when  the  pier  was  built  up  sufficiently  high  above  low*water- 
mark,  to  render  the  caisson  no  longer  necessary  for  the  masons 
to  work  in,  the  wedges  being  drawn  up,  gave  liberty  to  clear 
the  straps  from  the  mortises,  in  consequence  of  which  the 
sides  rose  by  their  own  buoyancy,  leaving  the  grating  under 
the  foundation  of  the  pier.  The  pressure  of  the  water  upoa 
the  sides  of  the  caisson,  was  resisted  by  means  of  a  ground 
timber  or  ribbon,  fourteen  inches  wide  and  seven  inches  thick, 
pinned  dpon  the  upper  row  of  timbers  of  the  grating;  and  the 
top  of  the  sides  was  secured  by  a  sufficient  number  of  beams 
laid  across,  which  also  served  to  support  a  floor  on  which  the 
labourers  stood  to  hoist  the  stones  out  of  the  lighters,  and  tn 
lower  them  into  the  caisson. 

The  caisson  was  provided  with  a  sluice  to  admit  the  wuic  r. 
The  method  of  working  was  as  follows:  a  pit  being  dug  and 
levelled  in  the  proper  situation  for  the  pier,  of  the  same  shape 
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U  the  cnisson,  and  about  five  feet  wider  all  round,  the  caisson 
Vfd»  \)tous:ht  to  its  position,  a  few  of  tlie  loivcr  courses  of  the 
pier  were  liuilt  in  it,  and  it  was  sunk  once  or  twice  to  prove  the 
level  of  the  foundation;  then,  being  finally  lixed,  the  masons 
■"orked  in  the  usual  method  of  tide-work.     About  two  hours 
before  low  water,  the  sluice  of  the  caisson,  kept  open  till  then, 
le»l  the  water,  flowing  to  the  height  of  many  more  feet  on  the 
outuide  than  the  inside,  should  Aoat  the  caisson  and   all  the 
Blone-work  out  of  its  true  place,  was  shut  down,  and  the  water 
pumped  low  enough,  without  waiting  for  the  lowest  ebb  of  the 
tide,  for  the  masons  to  set  and  cramp  the  stone-work  of  the 
succeeding  courses.     Then,  when  the  tide  had  risen  to  a  con- 
sidemble  height,  the  slaice  was  opened  again,  and  the  water 
admitted ;  and  as  th«  caisson  was  purposely  built  but  lea  feel 
high  to  9Hve  useless  expense,  the  high  tides  flowed  some  feet 
ubuve  the  birles,  hut  without  any  damage  or  inconvenience  to 
tlie  works.     In  this  manner  the  work  proceeded,  till   the  pier 
rose  to  the  surface  of  the  caisson,  when  the  sides  were  floated 
away,  to  serve  the  same  purpose  at  another  pier. 
-  To  change  altogetiier,  for  a  time,  the  course  of  a  rirer,  by 
■oviding  it  with  a  new  channel ;  or  to  divert  a  part  of  the 
HTrentnt  once  by  the  erection  ofacoR'er-dain,  may  be  classed   , 
Bong  the  simple  and  obvious  expedients,  to  obtain  the  reeans 
r  laying  the  foundations  of  a  bridge,  whicb  would  suggest 
lelves  in  the  infancy  of  aquatic  architecture.     Improve- 
F  Ibent  seems  to  have  gone  mo  further  for  a  long  time.    In  early 
) 'Periods,  if  the  first  means  that  suggest  themselves  to  accom- 
K«4lish  the  end  in  view,  possess  the  two  grand  requisites  of  pos- 
^jjibility  and  efficiency,  the  mardi  of  invention  is  impeded  by  a 
^iHling  prodigality  of  labour.     The  caisson,  an  invention  of 
Renter  refinement,  and  bolder  aspect,  probably  originated  in 
pmuch  later  period;  but  when  the  success  which  attended  the 
leof  it  once  became  familiar  to  architects,  the  transition  seems 
iBtural  and  easy,  from  a  caisson  of  wood,  which  is  floated 
^feway  when  no  longer  wanted,  to  a  caisson  of  stone,  which 
mftotild  permanently  remain  the  external  part  of  the  pier.     It 
nrould  soon  appear  to  the  mind  of  him  who  was  first  struck 
ii*ith  this  happy  idea,  that  by  the  common  well-known  means, 
(be  stones  miglit  be  cemented  so  perfectly  as  to  be  impervious 
■'A  water;  that  they  might  be  cramped  so  firmly  together,  like- 
wise, that  no  force  to  which  they  need  be  exposed  would  in- 
jure the  work;  and  that  as  the  weight  of  the  heaviest  stones 
employed  in  building  is  only  about  two  and  a  half  times  greater 
Uian  that  of  water,  the  proportion  which  must  subsist  between 
Uie  solid  and  the  hollow  part  of  any  mass  of  masonry  intended 
to  float,  could  not  only  always  be  determined  with  facility. 
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bnt  was  so  small  as  not  to  occasion  a  fear  of  success.  Indeed, 
so  CTeat  appears  to  bie  the  practicability  of  the  plan^  that  the 
praise  of  ingenuity  exclusively  belongs^  not  to  him  who  shall 
carry  it  into  execution,  but  to  him  by  whom  it  was  first  sug- 

{rested.  We  shall  proceed  concisely  to  notice  a  few  particu- 
ars  respecting  it.  General  Bentham  took  out  a  patent,  dated 
April  2,  1811,  for  a  new  and  economical  method  of  laying  th«* 
foundations  for  bridges,  wharfs,  &c.  He  proposes  the  con 
struction  of  hollow  masses  of  masonry,  bricicwork,  &c  which 
he  would  afterwards  float  to  and  sink  at  the  place  desired. 
He  observes,  that  these  masses,  if  filled  with  casks,  might  be 
floated  without  having  themselves  any  bottom ;  and  directs  a 
calculation  to  be  made  of  the  weight  which  any  of  them  vrill 
have  to  bear  when  employed  as  piers,  or  for  any  other  purpose^ 
so  that  vessels  properly  loaded  may  be  grounded  upon  tnem» 
and  by  that  means  sink  them,  when  the  tide  retires,  as  low  as. 
they  would  otherwise  have  been  ultimately  sunk  hy  the  weight 
they  are  to  sustain,  and  thus  prevent  their  sinking  after  the 
structure  is  finished.  J.  I.  Hawkins,  in  a  letter  to  the  Editors 
of  the  Repertory  of  Arts,  &c.  states,  that,  several  years  pre- 
vious to  the  date  of  the  above  specification,  he  had  mentioned 
the  leading  feature  of  the  General's  plan,  and  also  of  that  with 
respect  to  the  suspension  of  centering,  proposed  by  Telford, 
in  his  report  to  the  House  of  Commons,  tor  throwing  a  bridge 
over  the  straits  of  Menai,  to  several  of  his  friends,  ^vho  higmy. 
approved  of  them.  He  attributes  not  disingenuity  to  these 
gentlemen,  in  borrowing  his  plans,  being  aware  of  the  simi"* 
larity  of  ideas  which  may  occur  to  different  persons,  indepen- 
dent of  each  other,  when  engaged  with  the  same  subiect;  but 
lays  claim  to  priority  of  invention,  and  developes  to  the  publto 
the  particulars  of  a  plan  which  he  had  long  before  circulated 
amon^  his  friends.  He  would  build  his  piers  on  shore,  in  some 
situation  where  they  might  be  launched  like  a  ship;  he  would 
cramp  the  outside  stones  strongly  with  iron,  and  would  make 
the  walls  of  such  a  thickness  that  they  might  float  in  water. 
He  would  have  a  valve  in  the  wall,  to  admit  water  whenever 
it  might  be  proper  to  sink  the  pier,  and  a  pipe  fixed  through 
the  top,  communicating  with  the  lower  part  of  tlie  inside,  on 
which  pipe  a  pump  must  be  fixed,  for  drawing  the  water  out, 
should  that  measure  be  necessary. 

To  form  a  good  foundation,  a  space  in  the  bed  of  the  river, 
rather  larger  than  the  base  of  the  pier,  must  be  excevated  and 
levelled  by  the  means  used  in  takme  up  ballast,  and  the  spot 
'must  be  piled,  if  necessary,  as  on  other  occasions  of  the  kind* 
He  details  the  means  of  making  a  platform  over  the  place  in- 
tended for  erecting  the  pier,  which,  when  sunk,  must  have 
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bricks  or  stones  let  down  into  it  equat  at  least  in  weight  to 
the  water  required  to  sink  it.  The  water  must  then  be  pumped 
out,  wlien  the  workmen  may  descend,  to  lay  the. stones  ot 
bricks  in  mortar,  and  fill  up  the  whole  interior;  thus  he  ob^ 
tains  a  solid  pier. 

In  situations  where,  from  the  state  of  navigation,  or  any 
other  cause,  it  may  be  inconvenient  to  erect  centering  in  the 
cuslomaiy  way,  he  would  not  hesitate  to  adopt  suspending 
chains.  However  bold  tbe-idea  may  appear,  it  will  not  be 
deemed  impracticable,  when  it  is  considered  that  the  weight 
of  an  arch  of  any  given  dimensions  is  easily  calculated,  and 
the  suspending  power  of  iron  is  known;  consequently  no  arch 
can  be  so  beavy^  but  that  a  sufficient  number  of  chains  may 
be  provided  to  bear  more  than  the  weight.  The  chains  may 
be  advantageously  composed  of  long  bars  of  iron,  merely 
turntid  up  at  the  ends,  so  that  when  done  with,  they  may  have 
these  ends  cut  oS,  and  be  sold  as  bar  iron  again. 

That  the  piers  of  bridges  may  be  built  hollow,  and  rendered 

perfectly  manageable  in  or  under  water,  at  a  considerable 

depth,  is  put  beyond  a  doubt  by  an  experiment  which  J.  1. 

^wkins  conducted  for  the  Thames  Archway  Company.    Two 

ullow  cylinders  of  brickwork,  upwards  of  eleven  feet  diame- 

ir,  and  twenty-five  lon^  each,  were  sunk  through  thirty  feet 

t  water  in  the  river  Ibames,  and  bedded  precisely  at  the 

jjot  proposed.     These  cylinders  were  built  in  a  barge,  in 

pctober  and  November,  1810,  and  launched  into  the  water, 

^here  they  remained  floating  all  winter,  and  were  sunk  in  the 

1  the  spring  of  1811.     They  were  under  such  perfect 

Dimand,  that  from  a  stage  erected  on  the  bed  of  the  river, 

'     upplied  with   suttable  windlasses,  pulleys,  ropes,  8i.c. 

Here  lowered,  raised,  or  moved,  in  any  lateral  direction 

bthout  ditBculty.     These  experiments  left  not  a  doubt,  that 

basses   of  laasonry,   of  large   dimensions,   might   be   fixed 

^rough  the  water,  in  the  bottom  of  a  river  or  harbour,  to  the 

^pth,  if  requisite,  of  one  hundred  or  more  feet.     They  were 

istitutcd  for  the  purpose  of  ascertaining  the  practicability  of 

arming  a  tunnel  under  the  Thames,  upon  a  cheaper  and  more 

fitain  plan  than  undermining  it,  as  was  first  projected.    The 

jjBuIt   proves,   that   by   this   method,  communications  may 

Cheaply  and  to  a  certainty  be  formed  between  the  opposite 

•bores  of  rivers,  in  almost  all  situations  where  the  navigation, 

or  any  other  circumstance,  renders  bridges  inadmissible. 

The  inventions  recorded  in  the  preceding  details,  promise 
the  dawn  of  a  new  era  in  the  science  of  aquatic  architecture. 
They  extend  incommensurahly  the  limits  of  our  views,  and 
will   lead    to   undertakings  of  the  boldest  and   most  novel 
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character.  Te^lford,  in  hi&  report  to  the  House  of  Commons, 
on  throwing  an  iron  bridge  of  one  arch  over  the  straits  of 
Menai,  to  connect  the  Isle  of  Anglesea  with  the  county  of 
Carnarvon,  proposes  to  suspend  the  centering,  although  the 
span  of  the  required  arch  will  be  six  hundred  feet. 

The  common  breadth  of  bridges  is  about  thirty  feet;  but 
when  they  form  the  avenues  to  large  towns,  the  carriage 
road  is  nearly  this  breadth,  and  they  have  besides  a  raised 
foot-path  from  six  to  nine  feet  broad  on  each  side.  The 
breadth  of  Westminster  bridge  over  the  Thames  is  forty-four 
feet,  and  the  breadth  of  Black|riars'  bridge,  over  the  same 
river,  forty-two  feet.  In  large  structures,  the  parapets  are 
about  eighteen  feet  in  thickness;  they  often  project  trom  the 
bridge  with  a  cornice  underneath.  The  parapets  are  parallel 
for  the  greater  part  of  their  length,  in  the  middle;  but  at 
each  end  they  diverge,  in  order  that  the  increased  width  of 
the  road  thus  obtained  may  render  the  entrance  upon  the 
bridge  more  free,  and  unite  better  with  streets,  which  are 
commonly  wider  than  bridges.  These  wide  parts  of  the  ends 
are  generally  supported  by  the  solid  abutments  alone. 

Piei-s  and  abutments  are  not  always  built  solid  through- 
out. By  the  judicious  use  of  arches  or  vaults,  the  structure 
may  be  considerably  lightened,  without  having  its  strength 
or  durability  impaired.  The  arch-work  or  hollows  of  the 
piers  are  generally  made  a  little  above  the  spring  of  the 
arch.  When  the  abutments  are  vaulted,  care  must  oe  taken 
to  do  it  in  such  a  manner  that  they  will  bear  the  push  of 
the  arch  as  completely  as  before.  The  sides  of  the  founda- 
tions of  abutments  should  be  concave  or  dished,  as  this  form 
will  conduce  the  more  effectually  to  their  resisting  the  pres- 
sure upon  them. 

With  regard  to  the  superstructure  of  a  bridge,  it  may  be 
observed,  that  when  the  first  course  of  stones  has  been  dis- 
posed upon  the  centering,  or  wooden  frame-work,  the  re- 
maining courses  may  be  laid  with  their  bedding  joints  ho- 
rizontal, in  which  case  they  will  press  upon  the  first  course 
as  a  dead  weight,  without  contributing,  except  by  their 
pressure,  to  the  strength  of  the  arch ;  or  the  subsequent 
courses  may  be  laid  in  the  same  manner  as  the  first  courset 
so  as  to  be  like  a  series  of  arches  built  immediately  upon  one 
another.  The  latter  is  the  mode  most  consonant  to  the  laws 
of  strength. 

As  the  principal  objects  of  this  work  are  of  a  practical  na- 
ture, we  confine  ourselves  to  few  and  transient  sketches  of  his- 
torical research ;  yet  in  this  place  it  will  be  interesting  to  many, 
and  afford  matter  for  deductions  which  will  supersede  the 
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t^nesa  of  further  precept,  if  we  notice  some  of  the  most  re* 
markable  stone  bndges  which  have  been  erected  'at  different 
periods. 

Of  all  the  bridges  of  antiquity,  that  built  by  the  Homaa 
emperor  Tinjan  over  the  Danube,  is  allowed  to  have  been  tha 
most  magnincent.  It  was  demolished  by  his  immediate  suc- 
cessor Adrian,  and  the  ruins  are  still  to  be  seen  in  the  middle 
of  the  Danube,  nfear  the  city  of  Warhel,  ia  Hungary.  It  had 
twenty  piers  of  atone,  and  each  pier  was  one  hundred  and  fifty 
feet  high  above  the  foundation,  sixty  feet  in  breadth,  and  one 
hundred  and  seventy  feet  distant  from  one  another,  which  was 
the  span  or  width  of  the  arches,  so  that  the  whole  length  of- 
the  bridge,  exceeding  fifteen  hundred  and  ninety  yards,  was 
nearly  one  mile. 

In  France,  the  Pont  de  Garde  is  a  very  bold  structure;  the 
piers  being  only  thirteen  feet  thick,  yet  serving  to  support  the 
immense  weight  of  a  triplicate  arcade,  and  joining  two  moun- 
tains. It  consists  of  three  bridges,  one  over  another ;  the  up- 
permost of  which  is  an  aqueduct. 

The  bridge  of  Avignon,  which  was  finished  in  the  year  118B, 
consists  of  eighteen  arches,  and  measures  thirteen  hundred 
and  forty  paces,  or  about  one  thousand  yards  in  length. 

The  famous  bridge  at  Venice,  called  the  Rialto,  lias  been' 
usually  regarded  as  a  master-piece  of  art.  It  consists  of  only 
one  very  ilat,  bold  arch,  nearly  one  hundred  feet  span,  and 
'  only  twenty-three  feet  high  above  the  water.  It  was  built  io 
1591.  Yet  such  structures  sink  to  insignificance  when  comr- 
pared  with  a  bridge  in  China,  built  from  one  mountain  to  an- 
other, consisting  of  a  single  arch,  six  hundred  feet  long,  and 
seven  hundred  and  fifty  feet  high;  whence  it  is  called  the  fly- 
ing bridge. 

London  bridge  was  built  about  the  commencement  of  the 
thirteenth  century.  It  consisted  atfirst  of  twenty  arches,  each 
of  them  only  twenty  feet  wide ;  but  the  two  middlemost  were 
thrown  into  one  in  1768,  and  another  next  one  side  is  concealed 
or  covered  up.  It  is  nine  hundred  feet  long,  sixty  feet  highi 
and  seventy-four*  fee  I  wide.  Tlie  piers  are  from  twenty-five  to 
thirty-four  feet  broad,  with  sterlings  projecting  at  the  ends;  so 
that  the  great  water-way.  when  the  tine  was  above  the  sterlings, 
was  four  hundred  and  fifty  feet,  scarcely  half  the  breadth  of  | 
the  river;  and  below  the  sterling*,  the  water-way  was  reduced 
to  one  hundred  and  ninety-four  feet,  before  the  opening  of  the 
centre.  At  the  time  the  two  middle  arcJies  were  thrown  into 
one.  the  houses  which  had  been  erected  upon  the  bridge  were 
removed,  and  various  other  alterations  and  repairs  undertaken 
rt  an  expense  of  £80,000.    But  so  large  u  sum  is  still  annually 
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required  to  keep  it  in  repair,  that  the  preservation  of  it^  kir 
Btead  of  erecting  a  new  one»  may  be  considered  an  act  of  Ur 
tional  improvidence.  In  consequence  of  the  water-way  beistt 
80  mAch  contracted,  the  tide,  at  its  ebb  and  flow,  rashes 
through  the  arches  with  such  prodi^^ious  violence,  as  to  o<^ 
casion  a  cataract  exceeding  the  height  of  four  feet,  and  which 
prevents  or  renders  highly  dangerous  the  passage  of  boaUu 
The  fall  of  the  water  passing  through  Westminster  bridge  is 
only  one  inch. 

The  longest  bridge  in  England,  is  that  over  the  Trent  at  Bur- 
ton, built  in  the  twelfth  century,  of  squared  free-stone.  It  is 
rachef  low,  but  strong,  and  contains  thirty-four  arches.  It» 
wnole  length  is  fifteen  hundred  and  forty-five  feet. 

One  of  the  most  singular  bridges  in  Europe,  is  that  built  io 
the  year  1756,  over  the  Taaf,  in  Glamor^nshire,  by  WilJiano 
Edward,  a  poor  country  mason.  It  consists  of  only  one  stu- 
pendous arch,  which  though  only  eight  feet  broad,  and  thirty- 
nve  feet  high,  is  no  less  than  one  hundred  and  forty  feet  span. 
being  part  of  a  circle  of  one  hundred  and  seventy-five  feet  in 
diameter.  It  is  the  last  of  three  bridges  erected  on  the  same 
spot  by  the  same  person,  and  it  deserves  to  be  mentioned, 
were  it  only  to  record  the  amazing  perseverance  of  the  builder, 
under  very  discouraging  circumstances.  The  first  bridge  he 
erected  consisted  of  two  arches,  and  he  was  bound  to  uphold 
it  for  seven  years.  It  was  swept  away  before  the  expiration 
of  the  term,  by  a  flood,  that  brought  down  a  prodigious  mass 
of  floating  materials,  which  obstructed  the  progress  of  the  tor- 
rent through  the  arches.  Edward,  whose  perseverance  in- 
creased, and  whose  genius  expanded,  under  his  misfortunes, 
determined  to  prevent  the  recurrence  of  a  similar  event,  from 
the  like  cause,  by  making  only  one  arch.  The  first  bridge 
attempted  upon  this  plan,  sprung  at  the  crown,  and  fell  before 
it  was  finished,  from  the  great  weight  of  the  end.  This  severe 
blow  again  called  forth  the  resources  of  his  ingenuity;  he  dis- 
dained to  give  up  the  project  of  having  one  arch  only,  but 
guarded  against  bis  late  accident,  by  making  the  ends  of  the 
bridge  hollow,  and  thus  he  succeeded.         • 

Of  modern  bridges,  those  of  Westminster  and  Blackfriars, 
over  the  Thames,  at  London,  are  esteemed  the  two  finest  in 
Europe.  The  former  is  upwards  of  four  hundred  yards  long.  It 
consists  of  thirteen  large  and  two  small  arches,  all  semi-circu- 
lar, with  fourteen  intermediate  piers.  The  arches  all  spring  from 
about  two  feet  above  low-water-mark.  The  middle  arch  is  ue- 
yenty-six  feet  wide,  and  the  others  on  each  side  decrease  always 
by  four  feet  at  a  time.  The  two  middle  piers  are  each  seventeen 
feet  thick  at  the  springing  of  the  arches;  and  the  others  decrease 
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equally  on  each  side  by  one  foot  at  a  time ;  every  pier  terminaU  ] 
ingwith  a  salient  right  angle  against  either  stream.  Thisbridg*  I 
is  built  of  the  best  materials,  and  id  a  neat  and  elegant  taste^  1 
but  the  arches  are-too  small  for  the  quantity  of  masonry  ifcJ 
contains.  It  was  begun  in  the  year  1738,  and  opened  in  175QL .] 
It  was  executed  at  an  expense  of  £389,600.  '.  J 

Blackfrtars'  bridge,  which  is  nearly  opposite  the  centre  o£,i 
the  city  of  London,  was  begun  in  17dO,  and  completed  withia  4 
eleven  years  from  that  time.     It  is  an  exceedingly  light  and  ' 
eleeant  structure;  but  the  materials  do  not  seenl  to  have  been, 
well  selected,  as  some  of  the  arch-stones  are  already  decaying, 
[t  consists  of  nine  elliptical  arches.     The  centre  arch  is  one 
hundred  feet  wide,  and  those  on  each  side  decrease  in  regular 
a;radation,  to  the  smallest,  at  each  extremity,  which  are  seventy 
feet  wide.     Its  length,  from  wharf  to  wharf,  is  about  nine 
hundred  apd  ninety-five  feet.     The  extrados  is  a  portion  of  a 
very  large   circle,  of  convenient  passage  over  it.      It  costa 
£150,840.     This  amount  being  so  much  less  than  the  cost  oPL 
Westminster  bridge,  even  after  making  an  ample'  allowance;! 
for  the  greater  length  of  that  bridge,  is  a  proof  of  the  advao^y 
tage  of  few  and  elliptical  arches  over  many  and  semi-clrci!!  J 
lar  ones.' 


MtSCELLANBOUS  ReHARKS    RELATIVE  TO  BuiLDlNO. 

Under  the  present  title,  we  shall  include  a  variety  of  part* 
culars,  either  not  belonging,  or  not  exclusively  belonging,  U . 
Masonry  or  Bricklaying.     Under  the  first  head  of  this  subdlrJ 
vi'-ioii  of  the  chapter  on  Building,  the  earliest  notice  seenwJ 
to  a  sketch  of  the  general  rules  proper  to  be  observedfl 

itli  respect  to  the 


Situation  and  Plan  of  Houses. 
V/flh  regard  to  situation,  when  the  person  who  is  intending 
;(j  build  enjoys  the  advantage  of  choice,  the  proximity  oi 
narshes,  fens,  of  a  boggy  soil,  or  stagnant  water,  should  be 
Rvoided.     If  a  river  be  very  near,  the  site  of  the  house  should 
be  on  elevated  ground,  so  as  to  be  out  of  the  reach  of  the  un- 
wholesome fogs  and  mists  arising  from  it  early  in  the  morning. 
A  neighbourhood  where  cattle  thrive,  and  where  the  inhabit- 
ants are  healthy  and  cheerful,  or  are  remarkable  for  their  lon- 
gevity, may  be  regarded  as  possessing  a  salubrious  air.     The 
most  essential  requisites  of  a  good  situation,  or  those  which  are 
lost  conducive  to  health,  bein^  obtained,  minor  advantages 
lay  be  regarded  according  to  tneir  importance.     Abundance 
vater,  fuel,  and  ways  of  easy  access  to  arrive  at  the  house, 
11— Vol.  I.  '21 
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are  conveniences  of  lasting  value.  The  advantages  of  a  tittui* 
lion,  with  regard  to  prospect,  are  of  a  more  problematiGal 
nature,  as  they  are  so  differently  valued  by  different  persons. 
.  A  man  of  taste,  will,  however,  undoubtedly  prefer  a  spot,  the 
prospect  from  which  is  most  agreeably  diversified  in  the  diB* 
tribution  of  its  land,  wood,  and  water;  and  those  who  have 
little  or  no  relish  for  the  charms  of  nature,  will  perhaps  con- 
sult their  own  comfort  more  than  they  may  be  aware  of,  by 
making  the  same  choice.  There  are  very  few  so  obstinately 
«  morose,  as  to  be  uninfluenced  by  the  opinions  of  others;  and 
to  observe  those  about  them,  particularly  visitors,  warm  in 
their  admiration  of  the  surrounding  scenery,  may  create  a  be* 
neficial  complacency  which  they  would  otherwise  want. 

Trees  at  a  little  distance  from  a  house  are  better  than 
hills,  as  they  yield  during  the  day,  in  summer,  a  cooling,  re* 
freshing-,  sweet,  healthy  air;  and,  in  winter,  break  aod  diminish 
the  keenness  of  the  winds.  Hills  on  the  east  and  south  side 
are  the  most  inconveniently  situated.  If  the  site  of  a  housf 
be  low,  the  first  floor  should  be  set  so  much  the  higher.  Cel- 
lars contribute  to  the  dryness  of  a  house,  if*the  ceilings  and 
floors  be  good. 

With  respect  to  the  situation  of  the  parts  of  a  house,  the 
studies,  libraries,  and  chief  rooms,  particularly  the  bed-cham- 
bers, should  face  the  east;  those  offices  which  require  heat,  as 
kitchens, brewhouses,  bakehouses,  and  distilleries,  should  have 
•  southern  aspects;  and  those  which  require  a  cool  fresh  air,^is 
cellars,  pantries,  dairies,  granaries,  a  northern  one,  which  is 
also  proper  for  galleries,  painting^,  museums,  &c.  which  re- 
quire a  steady  light. 

When  a  situation  has  been  fixed  on,  the  plan  and  elevation 
of  every  part  should  be  made  by  some  person  well  acquainted 
with  the  theory  and  practice  of  building.  A  skilful  architect 
will  not  only  make  the  structure  handsome  and  convenient, 
but  will  save  the  great  expenses  often  incurred  in  rec^fying 
the  blunders  of  hasty  ana  injudicious  management.  For  a 
small  building,  the  elevation  of  each  front,  with  a  plan,  may 
indicate  with  sufficient  correctness,  its  ultimate  advantages; 
but  for  a  large  mansion,  or  structure  of  any  description  con- 
sisting of  many  complex  parts,  the  most  certain  way  to  pre- 
vent mistakes,  is  to  have  a  perfect  model  of  the  whole  made  to 
a  regular  scale.  In  order  tnat  sueh  a  model  may  not  mislead 
the  judgment  by  pleasing  the  eye,  it  should  be  made  of  plain 
wood,  of  one  colour. 

Lodges  and  small  houses,  standing  alone,  have  an  agreeable 
appearance  when  of  a  cubical  figure;  but  large  mansions  of 
this  shape  look  rath^**  clumsy ;  an  oblong  is  therefore  commonly 


fireferrett,  care  being  taken  not  to  make  the  plan  so  long  as  to 
ose  much  ruom  in  the  passages  which  wilt  be  required,  and 
which  will  be  difficult  to  light.  When  the  length  ofa  mansion 
does  not  exceed  the  breadth  more  than  one-third,  the  piopor- 
is  good. 

OJ'  Kooins. 
^^^e  principal  objects  to  be  regarded  in  the  arrangement  ;unt 
proportions  of  rooms,  are  doubtless  those  of  coiiveniency,  imd 
their  adaptation  to  health.  Rooms,  the  plan  of  wlitcli  art; 
rectangular,  give  the  greatest  facility  to  convenience  of  ur- 
rangement,  without  the  disadvantage  of  losing  the  space  ren- 
dered Imavoidable  by  adopting  circular  or  other  curved  forma ; 
but  with  regard  to  health,  the  height  of  a  room  should  at  least 
be  ten  or  twelve  feet,  and  this  point  should  be  regarded  even 
in  apartments  too  small  to  render  such  an  elevation  proper  in 
an  architectural  point  of  view.  A  square  is  an  agreeable 
form,  but  is  most  proper  for  rooms  not  exceeding  a  moderate 
aiie,  as  it  cannot  well,  if  very  laro;e,  be  completely  lighted 
from  one  wall,  and  the  company,  while  ranged  on  each  side, 
are  too  far  apart.  For  spacious  apartments,  a  rectangular 
parallelogram  or  oblong  is  a  more  convenient  figure,  and, 
with  regard  to  beauty,  every  variation  in  the  proportion, 
ffom  nearly  a  square  to  a  square  and  a  half  or  sesquialteral, 
may  be  employed.  If  the  length  of  the  plan  be  extended  , 
materially  beyond  a  sesquialteral,  the  apartment  obtains  rather 
the  appearance  of  a  passage  or  gallery,  and  it  becomes  impos-  . 
sible  to  adjust  the  height  so  as  to  suit  both  the  length  and 
breadth.  In  square  rooms  of  the  first  story,  the  height 
may  be  from  four-firtlis  to  five-sixths  of  the  breadth  of  tlie 
side;  and  in  oblong  rooms,  tlie  height  may  be  equal  to  the 
width.  An  error  in  fuvour  of  height,  is  preferable  to  making  . 
a  room  too  low.  •■ 

The  height  of  rooms  on  the  second  story  may  be  one-twelfth 
part  less  than  that  of  the  chambers  below :  and  if  there  is  a 
third  story,  divide  the  height  of  the  second  intotxvelve  equal 
parts,  of  which  take  nine  for  the  height  of  such  rooms. 

An  eligible  length  for  galleries  is  five  limes  their  breadth,  and  , 
they  should  rarely  exceed  eight  times  their  width  ia  length  ; 
their  height  may  exceed  their  breadth  in  the  proportion  of  a  J 
third  or  even  three-fifths,  according  to  their  length.  ^ 

As,  however,  in  modern  houses,  all  the  rooms  of  the  same  ^ 
Blory  are  commonly  of  the  same  height,  and   convenience 
requires  them  to  be  of  different  sizes,  according  to  their  use, 
it  follows  that  the  best  proportion  of  the  height  to  the  other 
dimensions,  cannot  always  be  observed,  without  incurring  some 
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extraordinary  expense.  Where  expense  is  not  a  hinderance, 
the  height  of  the  story  may  be  suited  to  the  principal  rooms, 
and  the  middle-sized  rooms  maybe  reducea  by  coving  the 
ceilings,  with  a  flat  in  the  middle,  or  by  groins  or  domes^ 
which  will  add  to  their  beauty,  independently  of  bettering 
their  proportions. 

Precautions  should  be  taken  to  prevent  the  effluvia  from  the 
kitchen,  brewhouse,  and  other  offices,  from  penetrating  to  the 
bed-chambers  and  dining  rooms.  The  most  difficult  object  to 
attain  of  this  description,  is  to  prevent  the  effluvia  of  the 
kitchen  from  annoying  the  dining-room,  to  which  the  access 
from  it  should  be  as  easy  and  short  as  circumstances  will 
allow,  for  the  convenience  of  the  servants  waiting  at  table. 
In  country  mansions,  which  admit  of  the  greatest  liberty  of 
plan,  and  where  the  kitchens  are  above  ground,  this  may 
generally  be  done,  by  such  an  arrangement  of  the  doors  ana 
passages  of  communication,  that  no  current  of  air  from  the 
kitchen  can  proceed  directly  towards  the  dining-rooms.  But 
in  town  houses,  where  the  kitchen  is  beneath  the  parlour  floor, 
and  therefore  not  only  far  nearer  in  point  of  situation  (though 
not  perhaps  of  access  for  persons)  than  it  is  usually  placed  in 
the  country,  but  on  a  lower  level,  the  lighter  warm  air,  charged 
with  the  smell  of  the  various  operations  of  cookery,  is  apt  ta 
be  felt  above,  from  its  disposition  to  ascend.  It  may,  how- 
ever, be  effectually  removed  by  a  small  separate  funnel,  carried 
up  in  the  stack  with  the  rest,  and  next  to  that  of  the  kitchen. 
Tnis  funnel,  to  be  used  for  no  other  purpose,  must  have  its 
throat  or  lower  opening  level  with  the  ceiling  of  the  kitchen. 
The  lighter  air,  ctiarged  with  the  vapours  of  the  cooking,  will 
then  pass  off  into  tne  external  atmosphere  by  this  aperture, 
instead  of  accumulating  under  the  ceiling  of  the  kitchen,  until 
it  forms  a  stratum  as  low  as  the  top  of  the  kitchen  door,  and 
then  ascending  through  the  house  by  the  stairs  and  passages. 
The  opening  of  this  funnel  or  pipe  may  be  closed  by  a  hinged 
door,  when  no  operation  is  going  on  in  the  kitchen  which  can 
create  a  disagreeable  smell. 

Every  chamber  in  a  house  should,  if  possible,  have  a  fire- 
place, the  place  of  which,  in  those  employed  as  bed-rooms,  if 
they  are  not  very  spacious,  should  be  about  two  feet  or  two 
feet  and  a  half  out  of  the  middle,  to  allow  room  for  the  bed. 
In  apartments  of  twenty  or  twenty-four  feet  a  side,  this  arrange- 
ment need  not  be  studied,  as  the  bed  can  without  it  be  placed 
sufficiently  far  from  the  fire. 


Cfiiiiuiei/s. 

That  no  apartment  can  be  comfortable  which  is  incommoded  1 
Jjlth  smoke,  will  not  be  contradicted ;  yet  we  find  a  very  general  I 
Baregard  of  the  precnutions  which  would  secure  a  strong  draft  .1 
up  Lhe  chimney.  Masons  and  bricklayers  follow  their  own  ] 
fancy  or  judgment,  which  are  often  influenced  by  their  convst  I 
nience,  or  by  local  customs,  \\-ith  little  regard  to  rational  pritte  4 
ciple.  It  frequently  happens  that  the  smoking  of  chimneys  ' 
occasioned  by  their  being  carried  up  narrower  at  the  top  tliaft  .1 
below,  or  by  their  having  one  or  more  sharp  angular  turns,  4 
When  chimneys  are  constructed  in  a  pyramidal  or  tapeiin^fl 
form,  and  are  oesides  left  rough,  or  unplastered,  with  etoneiJ 
or  bricks  projecting  into  them,  as  well  as  the  mortar  pressed  I 
from  the  joints  in  the  wall,  their  smoking  is  almost  certain.  Th^  i 
air,  rareHed  by  the  fire,  passes  up  a  chimney  with  the  smoks(v| 
but  as  it  recedes  from  the  impelling  power,  or  fire,  it  movei 
slower,  and  requires  a  greater  portion  of  space  to  circulate  J 
through;  if,  then,  the  upper  part  of  a  chimney,  insteadof  beiny  J 
wider  than  below,  be  contracted,  and  if  the  roughness  of  th«  I 
walls  concur  at  the  same  time  to  increase  the  obstruction,  >tif  *■ 
no  wonder  that  the  smoke,  taking  the  path  of  least  resistauco^  I 
should  find  its  way  into  the  room,  whenever  assisted  by  a  cufr  \ 
rent  from  above.  It  may  be  urged,  that  a  chimney  wider  at  tlw  I 
top  than  below,  allows  the  wind  more  liberty  to  blow  dowa)  | 
but  it  must  be  considered,  that  the  wind  having  no  adequate  4 
resistancefromabove  to  overcome,  must  necessarily  return,  and  | 
thus  facilitate  the  free  egress  of  the  smoke.  On  the  other  hanft  I 
when  a  current  of  air  rushes,  down  a  pyramidal  chimney,  it  I 
becomes  confined  or  wedged  in,  and  if  urged  by  a  constaqft  I 
wind,  the  rarefied  air  from  the  fire  cannot  make  head  against  J 
it,  and  therefore  the  smoke  bursts  into  the  room. 

Experimeots,  in  endless  variety,  and  often  at  great  expense,  I 
have  been  made  to  prevent  or  cure  smoky  chimneys  :  we  shall 
notice  some  of  the  most  simple  and  efficient;  but  it  will  be 
proper  to  explain,  in  the  first  place,  some  of  the  terms  which 
are  used  in  speaking  of  chimneys.  The  aperture  from  a  chim- 
'ney  into  the  room,  is  called  the  Jire-piace.  The  projecting 
parts  of  the  wall,  on  the  right  and  left  of  the  fire-place,  are 
called  jambs.  The  head  of  the  fire-place,  resting  upon  the 
jambs,  is  called  the  mantle.  The  mantle,  and  the  whole  side 
of  the  chimney  above  it  up  to  the  top,  are  called  the  breast. 
The  side  of  the  chimney,  called  the  breast,  being  pointed  out, 
the  application  of  the  term  back,  to  the  opposite  side,  explains 
itself.  The  sides  of  the  fire-place  contained  between  the  jambs 
luid  the  back,  are  called  covings.     The  throat  is  that  part  of 
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the  opening  immediatelv  above  the  fire,  and  contained  between 
the  mantle  and  the  back. 

When  chimneys  are  bounded  on  the  top  by  a  zigzag  line, 
80  as  to  resemble  the  teeth  of  a  saw,  they  are  found  to  be 
far  less  liable  to  smoke  than  those  in  other  respects  under 
the  same  circumstances;  and  in  a  ^reat  variety  of  cases, 
the  cheap  and  easy  expedient  of  altenns  the  tops  of  smoky 
chimneys  to  this  form,  has  been,  attended  with  complete  suc- 
cess. The  partitions  in  a  stack  should  be  indented  as  well  as 
the  outside  wall. 

The  fire-place  is  generally  an  exact  square.  Its  height,  in 
large  rooms,  is  often  very  properly  made  less  than  a  square, 
and  in  small  rooms,  particularly  when  the  chimney  is  in  a 
comer,  it  is  rather  more.  In  rooms  from  twenty  to  twenty- 
four  feet  square,  or  of  equal  area,  it  may  be  from  four  feet 
to  four  feet  and  a  iialf  broad ;  in  rooms  from  twenty-four 
to  thirty  feet  square,  it  may  be  from  four  and  a  half  to  fire 
feet;  and  in  rooms  still  larger,  it  may  be  extended  in  a 
similar  proportion  to  six  feet.  If  much  beyond  six  feet, 
whatever  may  be  the  size  of  the  room,  the  effect  will  not  be 
|;ood ;  for  if  the  fire  be  proportionate,  it  will  excite  rather  the 
idea  of  a  furnace.  Two  fire-places  will  certainly  be  better 
than  one  of  such  overgrown  dimensions.  As  to  tne  effect  of 
the  form  of  this  aperture  on  the  draft,  its  breadth  is  not  Tory 
important,  provided  it  be  not  so  narrow  as  to  prevent  the 
covings  from  standing  with  their  greatest  power  of  reflection 
towards  the  room;  but  the  height  should  seldom  exceed  two 
feet  six  inches  to  the  under  side  of  the  mantle.  The  throat 
should  not  be  more  than  four  or  five  inches  wide ;  but  should 
be  contracted  by  a  part  moveable  at  the  back,  when  the  chim- 
ney requires  sweeping.  The  nearer  the  throat  is  brought  to 
the  fire,  the  stronger  the  draft  will  be.  For  fire-places  aboat 
three  and  a  half  feet  wide  in  front,  the  flues  of  chimneys,  above 
the  throat,  are  usually  made  equal  to  about  twelve  inches 
square ;  and  the  general  rule  is,  to  make  the  area  of  the  hori- 
zontal section  of  the  flue,  equal  to  the  area  of  the  horikontml 
section  of  the  fire.  If  the  flue  were  smooth  and  circular,  this 
mode  of  proportioning  its  size,  would  doubtless  be  found  US 
allow  it  unnecessarily  large.  Where  bends  are  required  in  a 
flue,  they  should  be  in  a  curved,  and  not  an  angular  direction, 
filigh  chimneys  always  draw  better  than  low  ones,  as,  in  pro- 
portion to  their  length,  the  influence  of  the  wind  extencis  a 
shorter  way  down  them.  An  apartment  made  wind-ti|[ht,  by 
listing  the  doors  and^other  contrivances,  is  liable  to  be  incom- 
moded with  smoke,  from  the  want  of  draft,  even  when  th^ 
chimney  is  constructed  in. the  most  proper  manner:  a  few 
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minute  holes,  communicating  with  the  exterior,  will,  in  such 
cases,  constitute  an  efi'ectual  remedy. 

Another  method  of  increasing  the  draft  of  a  chimney,  con- 
sists in  setting  the  grate,  if  a  Bath  stove,  eleven  or  twelve 
inches  from  the  fender;  and  in  cutting  away  the  back  of  the 
chimney,  so  as  to  leave  a  space  of  two  inches  between  it  and 
the  back  of  the  grate.  If  the  grate  be  of  the  common  form, 
the  sides  should  be  filled  up  with  brickwork.  By  this  con- 
struction the  air  that  passes  behind  the  back  of  the  grate,  as- 
sisting to  impel  the  smoke,  prevents  its  bursting  into  the  room. 
— That  a  chimney  clogged  with  soot  will  be  apt  to  smoke^  is 
so  well  known,  as  to  require  no  notice  here. 

The  evils  attending  the  practice  of  cleaning  chimneys  by 
means  of  climbing  boys,  are  of  the  first  magnitude.  The 
degraded  situation  of  the  children  in  this  employment,  so 
destructive  to  health  at  any  period  of  life,  but  especially  in 
early  youth,  has  oflen  and  strongly  excited  the  commisera- 
tion of  philanthropical  men,  and  many  schemes  have  been 
proposed  to  render  their  ascending  unnecessary,  and  thus 
abolish  a  practice  so  offensive  to  humanity.  Of  these  plans, 
the  most  feasible  consists  in  the  use  of  brushes,  which 
are  drawn  up  and  down  by  men  at  the  top  and  others  at 
the  bottom,  or  are  pushed  up  from  the  bottom,  and  drawn 
down  by  persons  within  the  apartment.  The  former  me- 
thod is  inconvenient  and  expensive ;  the  latter,  which  is 
the  invention  of  Smart,  is  often  practised,  and  has  justly 
received  much  approbation.  The  rods  by  which  the  brush 
is  pushed  upwards,  are  made  hollow  and  in  short  lengths, 
and  are  connected  together  by  a  cord  passing  through  them. 
As  soon  as  the  lower  end  of  the  first  rod  is  pushed  about 
the  height  of  the  mantle,  another  rod  is  slipped  over  the 
cord,  and  the  lengthening  of  the  whole  is  thus  continued, 
till  the  brush  clears  the  top  of  the  chimney,  where  it  spreads 
itself  out,  and   is  prevented  from  contracting  by  a  spring; 

so  that  the  soot  is  brouo:ht  down  ulons:  with  it.     But  as  lon^i" 
..."  ^  .  ^ 

as  the  practice  is  continued,  of  making  chimneys  square, 
crooked,  and  rough,  it  is  to  be  feared  that  no  sweeping  appa- 
ratus can  be  contrived  which  will  be  found  completely  suc- 
cessful. Inventions  recommended  mefely  by  their  humanity, 
are  often  so  slow  in  their  progress  towards  general  adoption, 
that  an  eminent  service  will  be  rendered  to  society,  by  the 
man  who  makes  the  convenience  and  interest  of  individuals 
conspire  with  their  benevolence,  to  promote  the  purpose  be- 
fore us.  The  Author  of  the  treatise  on  Architecture  in  this 
work,  has  furnished  us  with  the  following  remarks*on  the 
present  subject,  which  we  have  pleasure  in  laying  before  the 
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public.  He  commences  with  a  few  observations  on  the  late 
rapidly  extended  use  of  iron  : 

Amongst  the  various  improvements  of  modern  times,  per* 
haps  few  have  been  more  really  beneficial  than  the  use  of 
metals,  for  purposes  to  which,  only  half  a  century  back,  they 
were*  hardly  thought  applicable.  It  is  perhaps  not  generally 
known,  that  the  great  variety  of  articles  of  fittings  now  con- 
stantly kept  in  ironmongers'  shops,  in  the  remotest  villages, 
were  hardly  known  in  country  places  at  the  beginning  of  the 
last  century;  but  wherever  a  house  was  built,  its  bolts  and 
latches  were  mostly  of  wood;  its  windows,  if  sashes,  were 
massive,  and  if  one  sash  run,  the  sash-cord  ran  over  a  wooden 
pulley ;  and  many  other  minute  fittings  were  either  of  wbod, 
or,  if  of  metal,  were  individually  made  by  the  adjacent  smith, 
who  produced  a  clumsy  article  at  a  great  wnste  of  time  and 
labour.  We  now  see  the  use  of  iron  and  brass  extensi\ely 
superseding  timber  and  stone  in  the  most  advantageous 
manner.  At  Eaton  Hall,  the  magnificent  nransion  of  Lord 
Grosvenor,  near  Chester,  the  tracery  of  the  windows,  many 
shields,  a  stair-case,  and  a  variety  of  ornaments,  are  of  cast 
iron,  A  large  portion  of  tracery  pannelling,  for  a  terrace 
balustrade,  are  of  the  same  material,  and  being  painted  and 
sanded,  have  all  the  beauty  of  stone.  Hollow  Grecian  balus- 
trades, for  a  public  building  in  Ireland,  have  been  made  of 
iron,  in  Liverpool.  Two  patents  have  been  taken  out  for 
roof  framings  of  iron,  one  of  which,  at  least  that  of  J.  Cragg, 
Liverpool,  is  particularly  remarkable  for  its  simplicity,  and 
the  beauty  of  its  execution.  This  gentleman  also  executes 
stair-cases  of  iron,  in  so  accurate  a  manner  that  they  may 
be  put  up  at  any  place  in  a  few  hours.  Cast  iron  bridges 
have  long  been  deservedly  celebrated,  and  the  dearness  of 
wood,  and  th^e  supposed  inefficiency  of  the  patent  stone  pipe, 
have  caused  cast  iron  water-pipes  to  be  used  in  London,  and 
many  other  places.  Cast  iron  has  also  been  advantageously 
used  for  beams  and  their  supports  in  a  large  way,  the  Trus- 
tees of  the  Duke  of  Bridgewater's  canal  having  used  it  for 
beams  in  a  new  warehouse  at  Liverpool,  of  more  than  thirty 
feet  clear  span;  and  the  Carron  Company  have  used  some 
excellently  arranged  hbllow  iron  stanchions  in  a  new  ware- 
house at  Liverpool. 

There  is  yet  another  purpose,  for  which  iron  seems  so  well 
adapted,  that  it  deserves  at  least  a  fair  trial;  it  is  that  of  cast 
pipe  for  chimneys.  The  present  mode  of  building  chimneys  is 
not  only  extremely  unsaid,  but  also  takes  up  a  great  deal  of 
room ;  iwd  from  their  being  square,  there  is  a  great  difiiculty  in 
clean inu*  ihem  thoroughly,  except  by  climbing  boys,  or,  as  is 
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firequetitly  practised,  by  purposely  firing  them.  Smart's  appa- 
TBtUB  does  not  completely  answer,  because  the  corners  which 
contain  moat  soot  do  not  get  swept  completely,  and  are  often 
Dot  touched.  Another  objection  to  ordinary  brick  square 
chimneys  is  their  smoking,  or,  in  other  words,  not  drawing ; 
mil  evil  not  considered,  by  those  who  suffer  from  it,  of  the 
most  trivial  magnitude.  All  these  inconveniences  might  be 
remedied  by  using  for  chimneys  cast  iron  pipes  three-eighths 
of  an  inch  thick,  and  when  once  the  utility  of  the  plan  became 
known,  the  article  would  be  as  common  in  iron  shops  as  fronts 
of  grates.  The  present  openings  into  the  room  nre  built  far 
too  large,  and  are  now  generally  contracted  by  various  means 
when  the  grate  is  set.  but  while  the  present  arrangement  of 
brick  chimneys  for  climbing  boys  remains,  they  cannot  well 
be  much  altered;  but  if  iron  pipe  were  used,  an  iron  fire-place 
top  would  be  cast  for  the  pipe  to  fit  into,  and  would  of  course 
be  made  of  various  sizes  and  shapes  like  grate  fronts,  and 
iron  articles  in  general,  cast  by  the  Carron  Company  and 
other  founderies. 

More  clearly  to  exemplify  the  advantages  of  this  invention, 
it  will  be  proper  to  detail  tne  arrangements  necessary.  Pre- 
judice will  at  first  perhaps  require  tne  pipe  to  be  eight  inches 
in  diameter,  though  there  is  little  doubt  that  seven,  sik,  or 
even  five  inches  diameter,  would  be  amply  sufficient  for  the 
largest  fire.  However  this  may  be,  it  should  be  cast  in  lengths 
of  from  three  to  five  feet,  which  at  three-eighths  of  an  inch 
thick  would  render  the  pieces  of  a  manageable  weii^ht ;  thev 
should  bo  carried  up  as  close  as  possible  to  each  nllier,  and 
as  four  inches  of  hrick-work  is  more  than  enough  on  each 
side  of  them,  in  walls  of  two  bricks  thick,  they  ivould  oiiist^ 
DO  projection  into  the  apartment.  The  interstices  botwetTi 
the  bricks  and  pipe  should  be  filled  with  earth,  or.  what 
would  be  still  better,  rubbish  and  liquid  cement.  A  bevel 
joint,  a,  fig.  15,  pi.  I.  might  be  made  to  the  pipe,  to  fit  so 
closely  that  no  crevice  would  be  left  to  lodge  soot,  when  the 
cement  surrounded  the  exterior. 

If  one,  or  indeed  all  the  chimneys  in  a  stack,  constructed 
upon  this  plan,  were  to  get  on  fire,  it  would  be  of  little  conse- 
quence, as  the  heat  could  never  be  so  great  as  to  act  through 
tiie  pipe  and  such  a  solid  mass  as  the  stack  would  be.  Tne 
floot  would  not  lodge  in  such  chimneys  as  in  the  common 
ones,  for  in  a  round  chimney  the  draft  would  clear  more  smoke 
out  of  the  chimney  before  it  was  condensed;  and  when  they 
required  cleaning.  Smart's  apparatus  would  sweep  them  com- 
pletely.— When  a  house  with  ordinary  chimneys  is  burnt,  the 
•tack  usually  falls  down,  tearing  the  walls,  and  rendering  it 
U.— Vol.  I.  2  K 
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necessary  to  rebuild  them;  but  if  a  house  with  an  iron-pipe 
stack  was  burnt,  it  would  not  only  in  all  probability  stand,  bat 
act  as  a  buttress  to  sustain  the  walls;  or,  in  case  it  fell,  the 
greater  part  of  the  pipe  would  remain  as  fit  for  use  as  at  first. 
Although  it  may  be  least  trouble  generally  to  leave  the  breadth 
of  half  a  brick  round  the  pipe,  yet,  in  small  buildings,  and  in 
cases  where  room  is  wanted,  a  flat  brick  would,  there  is  no 
doubt,  be  quite  sufficient  for  all  purposes  of  safety.  In  all 
cases,  too,  where  iron*pipe  may  be  used,  the  labour  of  plaster- 
ing chimneys  will  be  saved,  which,  though  in  many  places 
omitted,  is  done  to  all  well-built  houses. 

The  saving  of  room  which  would  be  produced  by  the  use  of 
iron-pipe,  in  a  stack  of  four  eight-inch  chimneys,  will  be  im- 
mediately seen  by  the  inspection  of  fig.  13,  No.  1  and  2,  nl.  I ; 
and  fig.  14,  No.  1  and  2,  exemplifies  the  same  thing  with  re- 
spect to  a  stack  of  five  chimneys.  If  nine  inches  be  allowed 
for  the  exterior  diameter  of  the  pipe  (and  such  an  allowance 
will  be  enough  for  all  contingencies,)  it  may  be  carried  up,  in 
all  walls  exceeding  two  bricks  thick,  without  any  projection 
into  the  apartments.  In  the  corners  of  a  two  brick,  or  even  a 
one  and  a  half  brick  wall,  there  is  sufficient  room,  as  may  be 
seen  by  referring  to  the  plans  of  such  walls  in  pi.  I,  to  carry 
up  such  a  chimney,  which  would  rather  increase  than  diminish 
the  strength  of  the  wall.  By  the  figures  of  the  plate  just  re- 
ferred to,  it  will  be  seen  that  nearly  one-half  of  the  space  taken 
up  by  chimneys  in  the  common  way  will  be  saved,  under  cir- 
cumstances the  most  unfavourable  to  shewing  the  advantages 
of  the  new  plan ;  for  the  diameter  of  ^he  pipes  is  reckoned  at 
the  largest  that  can  be  required ;  and  tne  brick-work  sur- 
rounding the  square  chimneys  at  the  thinnest  it  can  with  any 
propriety  be  made. 

The  increased  expense  of  round  work,  either  in  brick  or 
stone,  is  probably  the  principal  reason  that  round  chimneys 
are  not  in  general  use,  though  the  advantages  of  them,  parti-* 
cularly  in  being  free  from  the  currents  or  eddies  of  air  occa- 
sioned by  square  chimneys,  are  not  unknown  to  intelligent 
builders. 

Iron  pipe,  it  is  well  known,  answers. perfectly  well  for  stove^^, 
and  the  portable  furnaces  of  chemists,  although  the  area  of  it 
is  seldom  more  than  half  that  of  the  fire,  and  the  quantity  of 
air  required  to  maintain  the  vehement  heat  which  can  be  ex- 
cited at  pleasure,  occasions  a  much  greater  draft  than  that  of 
ordinary  domestic  fires  of  twice  the  size.  Hence  the  above 
plan  only  proposes  the  extended  use  of  a  kind  of  chimney, 
the  adequateness  of  which  is  already  proved. 


Doors. 

The  ancients,  according  to  Vitruvius,  frequently  madt  tbeir 
doors  ratlier  narrower  in  breadth  at  the  top  tnan  at  the  bollom. 
These  Irupezoidul  doors  were  probably  adopted  from  tlicii' hav- 
ing the  pioptTly  of  closing  themselves,  and  in  modern  tunes 
they  are  useful  besides  as  the  simplest  mode  of  raising  ihi 
door,  ill  the  act  of  opening,  above  tne  floor,  in  order  to  keep 
itcluurot'tlie  carpet.  There  are  examples  of  them  in  the  Hunk 
ofKnijIaiid;  but  they  aie  not  often  introduced  by  archittcls. 

Doors  arc  varied  m  their  dimensions  according  to  the  lieighl 

of  the  stury  and  the  maznitude  of  the  building  m  which  they 

are  placed.     In  private  houses,  they  can  rarely  with  propriety 

be  uiHde  wider  tlian  four  feet,  and  in  general  tnree  feet  Mill  be 

SljHicieat.     For  small  doors,  when  the  height  is  to  the  breadth 

JQ  tile   ratio   of  seven   to   three,  the  proportion  may  be  con- 

l^idei'ed  <;ood ;  but  ihe  height  of  large  doors  need  not  be  more 

l^^an  double  their  breadth.    The  entrance  doors  of  palaces  and 

•  jjle  mansions  of  noblemen,  where  much  company  resort,  are 

often  made  from  four  to  six  feet  wide;  and  those  of  public 

edifices  may  be  from  six  to  ten  feet  wide.     Doors  much  ex- 

ijieeding  three  feet  in  width,  should  have  folding  leaves.    In 

odern  houses,  it  is  not  uncommon  to  have  Targe  folding 

,  the  opening  of  which  serves,  instead  of  removing  n 

jrhole  partition,  to  throw  two  rooms  into  one.    In  such  cases, 

^e  wiJtIi  of  the  aperture  will  generally  be  of  less  height  than 

,iwice  its  breadth,  as  all  the  doors  of  the  same  story  are  com- 

lOnly  of  the  same  height. 

M'hen  the  priDcipaTdoor  of  entrance  is  in  the  middle,  its 
commuoication  with  every  part  of  the  building  is  not  only  th» 
most  readily  eiTected,  but  it  contributes  so  much  to  tlie  sym- 
metry of  the  front,  that  when  the  plan  renders  such  a  position 
^_  inadmissible,  a  blank  door  is  frequently  substituted  for  a  real 
^^L  one,  which  is  tlien  made  in  the  most  convenient  place.  The 
^B  entrance  doors  of  stately  houses,  are  frequently  adorned  w;  h 
^^B.  (porticoes,  in  the  Grecian  or  Roman  taste ;  but  the  most  coni- 
^^ft  inon  mode  of  adorning  entrance  doors,  is  to  surround  them 
^^Hjrith  an  architrave,  surmounted  with  a  cornice,  or  with  a  frieze 
^^B^nd  cornice  forming  a  complete  entablature.  These  decora- 
^^Hj^OQS  are  made  of  stone,  wherever  a  suitable  kind  can  be  had 
^^^ut  a  reasonable  price. 
^^^^  Windova, 

'■  In  determining  the  number  and  size  of  windows,  regard 

must  be  paid  to  the  destination,  local  position,  and  elevation  of 
tJie  building,  us  well  as  to  the  cubature  and  height  of  the  story 
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in  the  rooms  to  be  lighted,  and  the. thickness  of  the  walls. 
With  respect  to  private  houses,  though  considerable  latitude 
may  be  allowed  in  the  determination  of  this  subject,  still  there 
are  limits  which  cannot  be  disregarded  without  losing  the 
beauty  of  proportion,  and  the  convenience  of  a  due  quantity  of 
light.  In  general,  the  piers  should  not  be  of  less  breadth 
than  the  apertures,  nor  more  than  twice  such  breadth.  The 
windows  in  all  the  stories  of  the  same  aspect,  should  be  of 
the  same  breadth,  unless  a  variation  be  required  from  this 
rule  for  the  convenience  of  particular  offices  in  the  lowest 
story.  The  laws  of  symmetry  and  strength  alike  require  them 
to  be  exactly  one  above  another;  this  practice,  so  strangely 
neglected  by  our  ancestors,  is  now,  indeed,  duly  attended  to. 
The  apertures  of  windows  should  widen  inwards  on  each  side, 
by  which  means  the  quantity  of  light  admitted  will  be  nearly 
as  much  as  if  they  were  externally  of  the>^ame  size  as  the  in- 
creased internal  dimensions. 

To  determine  the  aggregate  area  of  the  windows  proper  to 
be  made  in  an  apartment,  extract  the  square  root  of  the  cuba- 
ture  of  such  apartment,  and  the  quotient  will  be  the  answer. 
For  example,  suppose  the  room  to  be  forty  feet  long,  thirty 
feet  broad,  and  sixteen  feet  high,  then  40x30x16=19200, 
which  product  is,  in  feet,  the  cubature  sought,  and  the  square 
root  of  it,  neglecting  a  small  remainder,  is  one  hundred  and 
thirty-eight  feet  for  the  aggregate  area  of  the  apertures.  One 
hundred  and  thirty-eight  feet  will  make  four  windows  of  a 
handsome  size  and  shape,  adapted  to  the  apartment  in  ques- 
tion; and  if  divided  accordingly  into  four  parts,  thirty-four  feet 
and  a  half  will  be  the  area  of  one  of  them.  The  area  thus  ob- 
tained, when  set  out,  for  a  ground  floor,  according  to  the  cus- 
tomary rule,  which  allows  rather  more  than  two  squares  in 
height,  each  window  may  be  about  eight  feet  eight  inches 
high,  by  four  feet  broad.  By  the  same  rule,  the  dimensions 
of  the  apertures  of  windows  for  rooms  of  any  other  cubature 
may  be  determined. 

The  sills  of  windows  have  been  mostly  made  from  three 
feet  to  three  feet  six  inches  distant  from  the  level  of  the  floor, 
as  at  that  height  they  formed  a  convenient  parapet  to  lean 
upon ;  but  the  French  fashion  having  been  introduced,  of  hav- 
ing the  windows,  at  least  in  the  principal  drawing  rooms,  down 
to  the  floor,  window-sills  are  now,  partly  in  imitation  of  it, 
made  lower  than  formerly,  and  in  ordinary  dwellings  are  fre- 
quently not  higher  than  two  feet,  and  in  the  extreme  not  more 
than  two  feet  six  inches. 

It  will  be  proper  to  remind  those  who  are  partial  to  spacious 
and  numerous  windows,  and  who  are  not  disposed  to  modify 
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by  motives  of  economy,  tliat  as  the  aggregate  area 
'(  ttie  windows  is  enlarged,  it  becomes  increasingly  difficult  ■ 
in  winter  to  keep  apartments  warm,  the  heat  produced  in  them 
being  so  very  speedily  communicated  tlirougn  tliej^lass  to  tlie 
atmosphere  without.  It  is  for  this  reason,  tliat  in  Russia  they 
often  make  their  windows  double,  and  as  air  is  a  bad  conduc- 
tor of  heat,  the  stratum  of  it  interposed  between  the  two  win- 
dows in  the  same  frame,  tends  very  materially  to  prevent  the 
temperature  of  the  room  from  being  carried  on.  The  cold  sea- 
son is  not  so  severe,  or  of  such  long  continuance,  us  to  huve 
occasioned  the  introduction  of  this  practice  for  front  windows 
into  the  United  Kingdom,  but  it  might  be  advantageously 
acted  upon  with  respect  to  the  skylights  employed  to  light 
staircases,  as  such  windows,  when  only  single,  contribute 
greatly  to  the  speedy  dissipation  of  the  warm  air  which  as- 
cends to  the  top  of  the  house. 

The  number  of  windows  on  each  side  of  the  entrance  door 
should  be  equal,  and  an  odd  number  of  windows  in  an  apart- 
ment, when  they  are  all  on  one  side  of  it,  is  better  than  an 
^eren  number,  as  it  avoids  the  necessity  of  having  a  pier  oppo- 
Ite  the  middle  of  the  'floor. 
The  windows  of  the  principal  floor  are  generally  the  moat 
iriched.    the  simplest  mode  of  adorning  them,  is,  to  surround 
Itiiem  with  an  architrave,  which  sometimes  has,  and  sometimes 
is  left  without,  a  frieie  and  cornice;  frequently,  the  whole  of 
'the  windows  are  left  plain,  except  the  central  one  of  the  second 
<Uory.     When  the  windows  of  the  principal  story  have  pedi- 
iments,  those  of  the  story  immediately  above  should  have  archi- 
^i^ve?  surmounted  by  a  frieze  and  cornice,  and  those  of  a  next 
-liigher  story,  an  architrave  only.    The  sills  of  all  the  windows 
io  the  same  floor  should  be  on  the  same  level. 
Stain. 
To  unite  the  requisites  which  a  good  staircase  requires, 
namely,  convenience  in  situation  and  form,  with  a  sufficiency 
of  light,  ufl^ords  one  of  the  stronijest  proofs  of  an  architect's 
skill.     In  stately  mansions,  the  steps  should  not  be  less  than 
four,  nor  more  than  six  inches  hii;li)  nor  more  than  eighteen 
or  less  than  twelve  inches  broad;  and  the  width  should  not 
be  less  than  six  or  exceed  flfti^en  feet.     In  ordinary  houses, 
the  steps  are  generally  made  higher,  and  are  almost  necessarily 
narrower,  botli  in  width  and  length;  but,  while  any  thing  like 
handsomeness  of  appearance  and  convenience  of  ascent  are 
studied,  they  shouUi  nut  exceed  seven  inches  in  height,  nor 
bo  less  thaij  ten  inches  bro^d,  and  three  feet  long.     Stairs  are 
ascended  with  more  case  when  laid  somewhat  sloping,  or  a 
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little  higher  at  the  back.    The  ancients  were  partial  to  an  odd 
•  number  of  steps ;  one  consequence  of  which  choice  was,  that 
the  same  foot  which  was  placed  on  the  first  step  was  first 
placed  at  the  top  on  the  landing. 

Roofs. 

Architects  include,  under  the  term  roof,  not  only  the  exte- 
rior covering  of  a  house,  but  all  the  beams  and  other  parts 
necessary  to  support  that  covering. 

Among  the  ancients,  in  those  countries  where  it  seldom 
rained,  roofs  were  made  quite  flat;  but  the  Greeks,  perceiving 
the  inconvenience  of  this  form,  deviated  from  it  a  little,  by  in- 
clining their  roofs,  as  appears  from  several  ancient  remains, 
about  one-eighth  or  one-ninth  part  of  the  span.  The  Romans, 
who  had  rather  more  occasion  than  the  Greeks  to  provide  for 
the  speedy  discharge  of  train  from  their  houses,  made  the 
height  of  the  inclination  of  their  roofs  from  one-fifth  to  two- 
ninths  of  the  span.  Among  the  northern  nations  of  Europe, 
after  the  decline  of  the  Roman  empire,  high-pitched  roofs 
began  to  be  in  general  request,  and  that  was  considered  the 
standard  form,  the  vertical  section  of  which  was  an  equilateral 
triangle.  No  part  of  the  art  of  building  has  been  more  sub- 
ject to  caprice,  than  the  height  of  the  inclination,  or,  as  it  is 
usually  expressed,  the  pitch  of  roofs.  In  the  present  day,  a 
great  variety  of  pitch  is  employed,  but  the  equilateral  one  is 
seldom  seen.  In  ordinary  dwellings,  the4)itch  of  the  roof  is 
from  one-third  to  one-fourth  part  of  the  span;  but  mansions 
and  public  edifices  are  still  executed  in  every  diversity  of  style 
that  fancy  or  particular  views  can  dictate. 

High-pitched  roofs  discharge  rain  ^nd  snow  more  quickly 
than  others;  they  are  also  not  so  easily  stripped  by  the  wind; 
the  rain  is  not  so  easily  blown  between  the  slates,  and  from 
their  approach  towards  perpendicularity  of  pressure,  they  are 
not  so  great  a  burden  to  the  walls.  They  are,  however,  more 
expensive  than  low  roofs,  as  they  require  longer  and  stronger 
timbers;  and  from  their  greater  surface,  they  require  a  larger 

auantity  of  the  covering  material :  but  though  low  roofs  have 
le  advantage  in  point  of  cheapness,  they  require  large  slates, 
and  great  care  of  execution. 

The  ropf  is  one  of  the  principal  ties  of  a  building,  when  skil- 
fully executed,  in  connecting  the  exterior  walls.  Some  idea  may 
be  formed  of  the  success  with  which  scientific  knowledge  and 
experience  may  be  employed  in  the  construction  of  roofs,  when 
it  is  observed,  that  roofs  have  been  constructed  sixty  feet  wide, 
although  they  have  not  contained  a  single  piece  of  timber  more 
than  ten  feet  long  and  four  inches  square)  . 


In  (leterniiiiing  the  pitch  of  raftecs,  when  mere  fimcy  is  not  t*  J 
be  our  guide,  the  nature  of  the  intended  covering  should  btj 
lakei)  into  consideration,  and  the  inclination  proportioned  M*^. 
eordin^ly.  The  following  rules  may  be  observed  with  proprietyji 

For  Lead. — Divide  the  width  first  into  two  parts,  see  fig,  1(^ 
pi.  I.  and  one  of  these  parts  into  fonr,  as  1,2, 3,  4;  with  tw 
of  these  parts,  describe  a  quarter  circle,  3,  which  give 
per  pitch  or  slope  to  be  covered  with  lead,  and  is  called  a  pedj 
ment  pitch. 

For  Pantiles. — Ilivide  the  width  as  before  into  two  parts,  s 
one  of  these  two  parts  into  four,  as  1,2, 3, 4;  with  three  partsi' 
describe  a  quarter  circle,  3,  which  gives  a  proper  pitch  lor  use^nf  i 

For  Plain  Tiles. — Divide  the  width  into  two  parts ;  with  oa«J 
of  thcin  make  a  quarter  circle,  which  gives  a  pitch  or  sloM 

firoper   for  the  roof. — The  lighter  the  covering  material,  till 
ower  the  roof  may  be,  and  therefore  the  pilch  for  slates,  ma^  ■ ' 
be  the  same  as  that  for  the  covering  which  the  particulftf 
quality  used  moat  nearly  approaches  to  in  weight. 

Tiles,  though  extensively  used  in  many  parts  of  the  country,, 
constitute  a  very  heavy  covering  for  houBes,  and,  what  is  still 
worse,  they  injure  the  timber  upon  which  they  are  laid,  and 
lend  to  make  a  house  damp,  from  the  facility  with  which  they 
are  penetrated  with  moisture.  The  following  experiment,  by 
the  bishop  of  LlandaS*,  decisively  proves  their  great  porosityi 
and  their  inferiority  to  slate.  The  Bishop  observes,  that  sort 
of  elate,  other  circumstances  being  the  same,  is  esteemed  the 
best  which  imbibes  the  least  water;  for  the  imbibed  water  not 
only  increases  the  weight  of  the  covering,  but,  in  frosty  weather, 
being  converted  into  ice,  it  swells  and  shivers  the  slate.  This 
effect  of  frost  is  very  sensible  in  tiled  houses,  but  is  scarcely 
felt  in  those  which  are  slated ;  for  good  slate  imbibes  but  little 
water;  and  when  tiles  are  well  glazed, the^ are  rendered  in  some 
measure,  with  respect  to  this  point,  similar  to  slate.  lie  took 
a  piece  oTWestmoreland  slate,  and  a  piece  of  common  file, and 
weighed  each  of  them  carefully ;  the  surface  of  each  was  about 
tbirly  square  inches.  Both  the  pieces  were  immersed  in  water 
fur  aoout  ten  minutes,  and  then  taken  out  and  weighed  as  soon 
as  they  had  ceased  to  drip.  The  tile  had  imbibed  above  a 
seventh  part  of  its  "weight  of  water;  and  the  slate  had  not  im- 
bibed above  a  two-hundredth  part  of  its  weight;  indeed  the 
wetting  of  llie  slate  was  merely  superficial.  He  placed  both 
the  wet  pieces  before  the  fire;  in  a  quarter  of  an  hour  the  slate 
wjis  become  quite  dry,  and  of  the  same  weight  it  had  before  it 
WHS  put  into  the  water;  but  the  tile  had  lost  only  nbout  twelve 
graln^of  the  water  it  had  imbibed,  which  wns,  as  nearly  us  could 
M  expected,  the  very  same  quantily  thiit  had  been  spread  over 
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its  surface ;  for  it  was  the  qnantitr  which  hsd  been  imbibed  by 
the  slate,  the  surface  of  which  was  eqaal  to  thst  of  the  tile.  The 
tile  was  left  to  drv  in  a  room  heated  to  sixtv  decrees,  and  it 
did  not  loose  all  the  water  it  had  imbibed  in  less  than  six  days 
If,  then,  tiles  imbibe  a  seventh  part  of  their  weight  of  water  in 
ten  minate*.  and  cannot  be  depriTed  of  this  water  without  a 
degree  of  hrat  equal  to  sixty  degrees  continued  for  six  days,  it 
must  be  obvious  that  a  roof  covered  with  them,  can,  in  this 
couctrv.  >^el(iom  be  drv.  The  timbers  also  of  the  roof  must  be 
calculated  to  support  their  weight  in  their  wet  state. 

The  finest  sort  of  blue  slate,  which  is  obtained  in  the  neieh^ 
bourhood  of  Kendal,  is  sold  there  for  os.  6d.  per  load,  which 
comes  to  £1.  15s.  per  ton,  the  load  weighing  two  hundred 
weight.  The  coarstst  sort  may  be  had  for  2s.  4d.  per  load,  or 
£1.  3s.  4d.  per  ton.  Thirteen  loads  of  the  finest  sort  will  cover 
forty-two  square  yards  of  roof,  and  eighteen  loads  of  the 
coarsest  sort  will  cover  the  same  extent.  Hence  there  is  half 
a  ton  less  weight  upon  forty-two  square  yards  of  roof  when 
the  finest  slate  is  used,  than  when  it  is  covered  with  the  coarsest 
kind,  and  the  difference  in  the  expense  of  the  material  is  only 
3s.  6d.;  vet  as  fine  slate  owes  its  lightness,  not  so  much  to  a 
difference  in  the  quality  of  the  stone  from  which  it  is  splil,  as 
to  the  thinness  to  which  it  is  reduced,  it  is  inferior  to  the 
heavier  kind  in  point  of  durability. 

The  following  statement  shews  the  average  weight  of  the 
coverin^:  laid  upon  forty-two  square  yards  of  building,  accord- 
ing to  tne  material  employed : 

Copper. 4cir/. 

Fine  Slate 26 

Lead 27 

Coarse  Slate  ..••••  .36 
Tiles •  ••••54 

Such  are  the  advantages  of  slate  as  a  covering,  that 
wherever  it  can  be  procured  without  much  land  carnage,  it 
obtains  the  preference  of  all  other  materials.  Its  durability  is 
so  great,  thnt  it  has  been  known  to  continue  sound  and  good  for 
centuries;  but  all  kinds  of  it  are  not  equally  excellent  in  this 
respect.  Its  most  usual  colours  are  wliite'  brown,  and  blue, 
and  the  colour  affords  some  index  to  the  quality  of  the  slate. 
The  light  blue  sort  is  always  the  least  penetrable  to  water, 
which  the  deep  black  blue  is  apt  to  imbibe  rather  freely. 
Several  methods  may  be  practised  to  ascertain  the  goodness pf 
slate,  when  not  brought  from  a  quarry  of  well  known  character. 
If  a  hlate,  when  struck  sharply  against  a  large  stone,  prodnce  a 
complete  sound,  it  is  a  mark* of  goodness :  and  if  it  does  not 
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shatter  before  the  edge  of  the  zax^  2hr  instrument  used  for  hew- 
ing it,  the  criterion  is  decisive.  Another  method  is^  to  place 
the  slate  lengthwise  and  perpendicularly  in  a  tub  of  water, 
about  half  a  foot  deep,  care  being  taken  that  the  unimmersed 
part  of  the  slate  be  not  in  any  way  accidentafly  wetted.  Let' 
It  remain  in  this  state  twenty-four  hours :  at  the  end  of  that 
time,  if  the  slate  be  good,  it  will  not  have  drawn  water  more 
than  half  an  inch  above  the  surface  of  that  fluid,  and  that  per- 
haps at  the  edges  only,  where  the  texture  has  been  a  little 
loosened  in  the  hewing ;  but  a  spongy  defective  stone  will 
draw  water  to  the  very  top.  Another  mode  of  trial,  on  the 
result  of  which  full  reliance  may  be  placed,  is  to  weigh  two  or 
three  of  the  most  suspected  slates,  and  note  their  precise 
weight;  then  immerse  them  entirely  in  i^ter  for  twelve  hours: 
take  them  out,  wipe  them  as  clean  as  possible  with  a  linen 
cloth,  and  if  their  weight  differs  not,  or  difiers  but  very  little 
from  what  it  was  at  first,  they  may  be  considered  good ;  a 
drachm  in  a  dozen  pounds  is  allowable,  but  not  more.  The 
principal  reason  of  the  inferiority  of  the  slates  which  imbibe 
much  moisture,  being  that  they  are  shivered  by  frost ;  when 
none  but  a  porous  kind  can  be  easily  obtained,  they  might 
doubtless  be  improved  by  the  application  of  tar,  as  already 
mentioned  for  tiles,  when  treating  of  the  manufacture  of  the 
latter  article. 

John's  tessera  is  perhaps  the  best  of  those  artificial  compo- 
sitions which  are  designed  for  roofing,  and  it  certainly  has 
advantages  of  the  first  class.  It  is  cheaper  than  any  covering 
hitherto  known;  it  is  superior  in  lightness  and  evenness  of  sur- 
face to  lead,  and  is  saia  to  equal  that  metal  in  point  of  dura- 
bility. It  is  equally  adapted  to  the  flat  roof  intended  to  be 
walked  on,  and  to  angular  roofs.  The  roofs  intended  to  be 
covered  with  it  must  in  <ill  cases  be  boarded  as  for  lead,  ex- 
cept that  a  less  thickness  of  timber  will  suffice.  For  a  flat 
roof,  it  may  be  laid  ov  three-quarter  inch  deal ;  but  for  an  an- 
gular roof,  half-inch  vill  be  sufficient.  This  roofing,  for  which 
a  patent  was  taken  out,  dated  the  22d  December,  1806,  con- 
sists of  calcareous  stone  and  tar,  with  a  little  of  the  powder  of 
burnt  bones.  The  sheets  are  mdde  of  an  equal  thickness  by 
railing.  From  the  quantity  of  tar  entering  into  the  composi- 
tion, it  may  be  considered  very  combustible;  but  the  contrary 
has  been  pfoved  by  experiment.  It  is  found  to  resist  the 
effects  of  heat  two  or  three  times  as  long  as  lead.  Tessera  is 
made  in  sheets  about  four  feet  long,  by  two  feet  wide ;  arid  the 
sheets  are  united  by  solder  of  the  same  composition. 


IL— Vol.  I.  2  L 


y 


2A8  BUILDING. 


QuliUea  uid  methods  0/ jointiof  flooriag  boards 


Floors. 

Flooring  boards  are  mostly  made  of  fir.  The  first  class  are 
selected  free  from  knots,  shakes,  sap-wood,  or  cross-grained 
stuff;  the  secotid  class  consists  of  boards  also  free  from  shakes 
and  sap-wood,  but  not  from  small  sound  knots;  the  third  daas 
contains  the  residue  of  any  parcel,  or  such  boards  as  cannot  be 
included  in  either  of  the  preceding  classes.  When  an  agree- 
ment is  entered  into  for  the  erection  of  a  building,  the  quality 
of  the  boards  should  be  specified,  to  prevent  subsequent  dis- 
putes- As  all  boards  shrink  in  the  course  of  time,  and  as  the 
auantity  of  their  contraction  increases  with  their  dimensions, 
oors  which  are  laid  with  very  broad  boards,  soon  exhibit,  at 
the  joints,  wide  fissares  that  have  an  unpleasant  appearance. 
It  is  therefore  the  practice  in  good  houses,  not  only  to  select 
the  best  part  of  the  wood,  but  to  cut  the  boards  into  narrow 
scantlings;  so  that,  if  properly  seasoned,  and  laid  close  at  first, 
their  shrinking  afterwards  is  so  small  as  to  make  no  openings  of 
consequence.  Boards  about  five  inches  broad  may  be  reckoned 
narrow,  but  when  they  measure  nine  inches  or  more  in  the  same 
direction,  they  must  be  considered  broad. 

The  manner  of  jointing  flooring  boards,  and  fastening  them 
down  upon  the  joists,  is  performed  in  a  variety  of  ways,  the 
most  usual  of  which  is,  to  plane  the  edges  of  the  board  quite 
square,  that  is,  at  right  angles  to  the  upper  and  nnder  surface, 
and  then,  placing  them  as  closely  to  each  other  as  possible, 
to  nail  them  down  from  the  upper  surface.  Sometimes,  par- 
ticularly when  the  wood  is  known  to  be  insufficiently  sea- 
soned, ^fter  the  first  board  has  been  fastened  down,  the 
fourth  board  is  secured  in  like  manner,  the  two  intermediate 
boards  are  then  made  somewhat  wider  than  the  space  to  re- 
ceive them,  and  forced  into  their  places  by  jumping  upon  them. 
To  do  this  with  the  most  ease  and  advantage,  the  intermediate 
boards  are  laid  aslant,  so  as  to  be  highest  in  the  middle,  and 
those  edges  which  are  placed  together  being  sloped  a  little, 
so  as  to  form  rather  less  than  a  right  angle  with  their  respec- 
tive upper  surfaces,  they  are,  by  an  adequate  weight,  at  once 
compressed  and  levelled.  The  fourth  board  of  the  last  series 
becomes  the  first  of  the  next,  and  the  operation,  which  is 
called  folding  the  boards,  is  repeated  till  the  floor  is  finished. 
The  nails  are  driven  in  a  little  below  the  surface  of  these 
boards,  and  the  cavity  is  filled  with  glazier's  putty.  But  in 
rooitis  not  intended  to  be  carpeted,  and  yet  where  a  neat  and 
clean  appearance  is  indispensable,  the  use  of  putty  must  be 
avoided,  and  the  nails  must  not  be  driven  in  from  the  top. 
This  object  is  obtained  by  doweling  the  joints,  that  is,  driving 
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wooden  pins  into  ihem  in  the  middle  of  their  thickness,  and 
parallel  to  the  snrface,  in  the  same  manner  as  the  coopers  joint 
the  boards  forming  the  ends  of  their  casks.  In  this  case,  one- 
half  of  each  pin  entering  the  edges  placed  together,  the  boards, 
if  the  dowels  be  safSciently  numerous  and  properly  placed, 
cannot  rise  or  sink  but  in  conjunction.  The  best  place  for  the 
dowels  is  in  the  middle  of  the  space  between  the  joists.  In  the 
best  doweled  work,  the  nails  are  concealed  when  the  floor  ia 
finished,  for  they  are  driven  in  etantwise  through  the  outer 
edge  only  of  each  board.  Sometimes  the  joints  of  flooring 
boards  are  rabbeted,  that  they  may  lap  over  each  other  a  little 
way,  and  sometimes  toothed  into  each  other,  or,  as  it  is  tech- 
nically expressed,  ploughed  and  tongued.  When  either  oi 
these  methods  is  adopted;the  hoards  are  not  separated  on  their 
contraction  so  as  to  leave  an  aperture  between  each  pair, 
through  which  any  thing  can  drop ;  but  such  floors  are  more 
cosily  than  others,  not  only  on  account  of  the  extra  labour, 
but  the  creater  quantity  of  wood  which  they  require. 

U  is  always  desirable  to  cover  a  floor  with  boards  in  one 
length ;  but  as  this  may  not  always  be  convenient,  when  it  is  not 
done,  the  ends  of  the  two  boards  that  meet  are  called  headings. 
The  headings  should  invariably  he  upon  a  joist,  and  two  of 
them  should  never  be  together  in  the  same  line.  ' 

Before  the  boards  are  laid,  it  is  necessary  to  examine  whe-[ 
the  upper  sides  of  the  joists  all  lie  in  the  same  plane.  Thd  i 
defect  they  are  most  liable  to,  is  that  of  being  depressed  ii]( 
the  middle;  in  which  cnse  they  must  be  raised  by  the  addi4 
tion  of  suitable  pieces,  but  if  found  too  protuberant,  they  muaf 
be  reduced  by  tne  adze.  ' 

Yellow  deal,  well  seasoned,  is  one  of  the  best  woods  tha^ 
can  be  selected  fof  floors,  and  retains  its  colour  for  a  long^ 
lime;  whereas  the  white  sort,  by  frequent  washing,  becomes 
blackish  and  disagreeable  in  its  appearance. 

In  the  habitations  of  the  labouring  classes  of  society,  tht 
ground  floors  are  often  made  of  a  kind  of  mortar.  The  best 
materials  for  this  purpose  are  two-lhirds  of  lime,  one  of  coaU 
ashes,  and  a  small  portion  of  clay.  These  ingredients  are  to  b« 
well  tempered  with  water,  left  to  subside  for  a  week  or  ten  day>t 
and  then  well  worked  up  again.  This  operation  should  be  r 
peeted  in  the  course  of  three  or  four  days,  till  the  mixture  be- 
comes  smooth  and  glutinous,  when  it  is  fit  for  use.  After  th*  ^ 
ground  is  made  perfectly  level,  the  composition  is  to  be  laid 
on  to  the  depth  of  two  and  a  half  or  three  inches,  and  carefully 
imoothed  with  a  trowel.  The  hottest  season  of  the  year  is  th* 
most  proper  for  applying  this  composition,  which,  when  com- 
pletely dried,  11  ill  inuke  a  most  diinble  i^oor. 
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•  In  the  treatise  entitled  the  "  British  Carpenter^*'  already 
ferred  to,  are  given  the  following  Tables  to  shew  the  propor 
tions  of  timbers  for  small  and  large  buildings : 


PROPORTIONS  OF  TIMBERS  FOR  SHALL  BUILDINGS. 


Bearing  P^sts  of' Fir, 
Heigfht  Scantling 


if  8  feet 
10 
12 


4  inc.  square 

6 

6 


Bearing 
if  16  feet 
20 
24 


Girders  of  Fir, 


Scantling 
8  inc.  by  11 
10  12^ 

12  14 


Bearing 
if  6  feet 
9 
12 


Joists  of  Fir. 


Scantling 
6  inc.  by  2J 
61  2i 

8  2i 


Bearing 
if  6  feet 
8 
10 


Bridffinas  of  Fir. 


Scantling 
4  inc.  by  2\ 
6  2f 

6  3 


Bearing 
if  8  feet 
10 
12 


Small  Rafters  of  Fir. 


Scantling 
3k  inc.  by  2^ 
4i  2 

6i  21 


Height 
if  10  feet 
12 
14 


Bearing  Posts  of  OsJu 


Scantling 
6  inc.  square 
8 
10 


Length 
if  ao  feet 
46 
60 


Beams  of  Fir,  or  Ties. 


Scantling 
6  inc.  by    7 
0  *  8^ 

12  11 


Principal  Rafters  of  Fir. 
Scantnng 


Length 
if  24  feet 
36 
48 


Top 
6  ins.  &  6 
61  8 

8  10 


Bottom 
6  ins.  &  7 
8  10 

10        n 


Bearing 
if  16  feet 
20 
24 


Girders  of  Oak, 


Scantling 
10  inc.  by  13 
12  14 

14  16 


Bearing 
if  6  feet 
9 
12 


Joists  of  Oak, 


Scantling 

6  inc.  by    3 

7)  3 

10  3 


Bridgi 
Bearing 
if  6  feet 
8 
10 


ngs  of  Oak. 

Scantling 
4  inc.   by  .  3 
6)  3 

7  3 


Bearing 
if  8  feet 
10 
12 


Small  Rafters  of  Oak. 


Scantling 
4,\  inc.  by   3 
6i  3 

6i  3 


Length 
if  30  feet 
45 
60 


Beams  of  Oaky  or  Ties. 


Scantling 

7  inc.  by    8 

10  Hi 

13  16 


Principal  Rafters  of  Oak. 
Soantung 
Top  Bottem 


Length 
if  24  feet 
30 

48 


7  ins. &  8 

8  9 

9  10 


8  ins.  &  9 

9  101 
10         12 
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PROPORTIONS  OF  TIMBERS  FOR  LARGB  BUILDINGS/ 


Height 
if   8  feet 
12 
16 


Bearing  Posts  of  Fir, 


Boantling 
6  inc.  square 
8 
10 


Bearing 
if  16  feet 


Girders,  of  Fir. 


Scantling 
9^  inc.  by  13 
12  14 

VS\  15 


Bearing 
if  6  feet 
•   9 


JoiUs  cf  Fir. 


Scantling 
5  inc.  by    3 
7|  3 

10  3 


Bearing 
if  6  feet 
8 
10 


Bridginas  of  Fir, 


Scantling 
4  inc.  by    3 
6^  3 

7  3 


-r*" 


Small  Rafters  of  Fir, 
Bearing  Scantli 


if  8  feet 
10 
12 


ntling 
4i  inc.  by^  3 
6|  3 

Qi  8 


^^" 


Length 
if  30  feet 
45 
60 


Beams  of  Fir ^  or  Ties,^ 


Scantling 
7  inc.  by    8 
10  Hi 

13  15 


Principal  Rafters  of  Fir, 
Scantling 


Length 
if  24  feet 
36 
48 


Top 
Tins.  &  9 

8  9 

9  '      10 


Bottom 
8  ins.  &  9 

9      m 

10  12    I 


Height 
if  8  feet 
12 
16 


Bearing  Posts  ofOak,^ 


ScantUng 
8  inc.  square 
12 
16 


Bearing 
if  16  feet 
20 
24 


Girders  of  Oeik, 


Scantling 
12  inc.  by  14 
15  '15 

18  16 


Bearing 
if  6  feet 
9 
12 


JoiUs  of  Oak, 


ScantUng 

6  inc.  by    3 

9  3 

12  8 


1  .'  !  ' 


Bridginas  of  Oak. 
Bearing       T       Scantling 
if  6  feet  5  inc.   by   3) 

8  61  8J 

10  8  4 


-'— '— r- 


Bearing 
if  8  feet 
10 
12 


Small  Rafters  of  Oak. 


Scantling 

6}  inc.  by   8 

7  8 

9  a 


■T         '■ 


•r-^ 


Length 
if  30  feet 
45 
60 


Beams  of  Oak,  or  Ties, 


Scantling 

8  inc.  by    0 

11  12} 

14  16 


Principal  Rafters  of  Oak. 
Seantung 


Length 
if  24  feet 
36 

48 


Top 

8  ins.  &  9 

9  10 

10  18 


Bottom 

9  ins.  &  10 

10  12 

12  14 


I   I     ■  1  ^ryf 
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The  Author  of  the  preceding  Tables  observes,  that  thou|[k 
they  seem  so  plain  as  not  to  exceed  explanation,  yet  a  fpw  re- 
marks might  be  subjoined  with  propriety.  All  bidding  or  strong 
ioists,  he  then  adds,  ought  to  be  half  as  thick  again  as  common 
ioists;  that  is,  if  a  common  joist  be  given  three  inches  tbick* 
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a  binding  joist  should  be  four  inches  and  a  half  thick,  although 
of  the  same  depth. 

If  it  be  not  convenient  to  allow  the  posts  in  partitions  to  be 
square,  which  is  the  best  form,  in  such  casAS,  multiply  the 
square  of  the  side  of  the  posts,  as  here  given,  by  itself:  for  in- 
stance, if  it  be  six  inches  square,  then  as  six  times  six  is  thirty- 
six,  to  keep  this  post  nearly  to  the  same  strength,  find  two 
*  numbers  producing  the  same  amount;  as  suppose  the  partition 
to  be  four  inches  thick,  then  let  the  post  be  nine  inches  the 
other  way,  so  that  nine  times  four  being  thirty-six,  the  area  of 
its  horizontal  section  is  the  same,  and  its  strength  nearly  equal 
to  tha  square  post. 

Posts  that  go  to  the  height  of  two  or  three  stories,  need  not 
bold  the  proportions  given  in  the  table,  because  at  every  floor 
they  meet  with  a  tie.  Admit  a  post  to  be  thirty  feet  hign,  and 
that  in  this  height  there  are  three  stories,  two  of  ten  feet  and  one 
of-eight  feet;  look  for  posts  of  fir  ten  feet  high,  their  scantliqe 
is  five  inches  square,  tliat  is,  twenty-five  square  inches,  which 
double  for  the  two  stories;  and  also  take  that  of  eisht  feet  hiffh, 
being  four  inches,  that  is,  sixteen  inches  square,  all  which  being 
added  together,  make  sixty-six  inches ;  so  that  such  a  post 
would  be  rather  more  than  eight  inches  square.  On  occasion 
it  may  be  lessened  in  each'  story  as  it  rises. 

All  beams,  ties,  and  principal  rafters,  ought  to  be  cut  or  forced 
in  framing  to  a  camber,  or  roundness,  on  the  upper  side,  and  the 
convexity  may  be  about  one  inch  in  eighteen  or  twenty  feet 
The  reason  is,  that  all  timber,  partly  from  its  own  weighty  but 
principally  from  the  weight  of  the  covering  or  other  burden  it 
nas  to  bear,  will  swag ;  and  unless  prepared  in  this  manner^ 
that  it  may  never  become  concave,  a  degree  of  unsightlinessj 
and  often  of  inconvenience,  will  be  produced. 

The  joists  in  floors,  the  purlines  (or  timbers  into  which  the 
small  rafters  are  tenoned  in  roofs,)  &c.  should  not  exceed  twelve 
feet  in  the  length  of  their  bearing,  or  from  support  to  support. 
The  strong  joists  of  floors  should  not  be  at  a  greater  distance 
than  five  feet,  nor  common  joists  more  than  ten  or  twelve 
inches  apart. 

According  to  the  experiments  of  Muschenbroek,  fir  is  able  to  ^ 
bear  compression  in  the  direction  of  the  length  of  its  fibres,  or  to  * 
sustain  as  a  post,  a  much  greater  weight  than  oak,  but  is  far  infe 
rir  to  oak  wnen  the  weight  is  suspended.    In  the  preceding  ta- 
bles, therefore,  the  scantlings  of  fir  bearing  posts  and  principal 
rafters  are  properly  made  less  than  those  of  oak;  but  for  other 
timbers,  particularly  for  ties,  many  are  of  opinion  that  the  pro- 
portions of  the  Author's  tables  should  be  reversed,  and  the 
scantling  which  he  has  assigned  to  fir  should  be  given  to  oak. 
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Building  Act. 

All  the  buildings  erected  in  London  and  the  several  Parishes 
within  the  Bills  of  Mortality,  are  subjected  to  the  regulations 
of  an  Act  of  Parliament,  of  the  14.  Geo.  III.  the  main  object 
of  which  is  to  lessen  the  danger  to  be  apprehended  from  fire. 
As  many  of  the  provisions  of  this  act  are  of  great  impor- 
tance, and  deserve  to  be  universally  known  and  acted  upon, 
we  shall  conclude  the  subject  of  Building  by  an  abstract 
of  them.  Those  which  relate  to  the  Carpenter  are  the  fol- 
lowing: 

Timber  partitions  between  building  and  building,  erected  or 
erecting  before  the  passing  of  the  act,  may  remain  till  one  of 
the  adjoinins:  houses  is  rebuilt,  or  till  one  of  the  fronts,  or 
two-thirds  of  the  fronts  which  abut  on  such  timber  partition, 
is  taken  down  to  the  bressummer,  or  one  pair  of  stairs  floor, 
and  rebuilt. 

Three  months'  notice  of  the  pulling  down  of  such  wooden 
partition,  when  decayed  or  of  insufficient  thickness,  to  be 
given  by  the  proprietor  to  the  owner  or  occupier  of  such  a 
house,  and  if  tne  house  be  empty,  such  notice  to  be  stuck  up 
on  the  front  or  front  door  of  it. 

No  timber  hereafter  to  be  laid  in  any  party  arch,  or  party 
wall  except  for  bond  to  the  same;  nor  any  bond  timber  within 
nine  inches  of  the  opening  of  a  chimney,  nor  within  five  inches 
of  the  flue;  nor  any  timber  within  two  feet  of  any  oven,  stove, 
copper,  stiir,  boiler,  or  furnace. 

The  wood  work  of  chimney  breasts^  to  be  fastened  to  the 
said  breast  with  iron  wall  hooks,  spikes,  nails,  or  holdfasts, 
which  must  not  be  driven  more  than  three  inches  into  the  wall, 
or  nearer  than  four  inches  to  the  inside  of  the  opening  of  the 
chimney.  ^ 

No  timber  bearer  to  wooden  stairs  let  into  an  old  party  wall, 
must  come  nearer  than  eight  inches  and  a  half  to  the  flue,  nor 
nearer  than  four  inches  to  the  internal  finishing  of  the  adjoin- 
ing building. 

No  timber  to  be  laid  under  any  hearth  to  a  chimney,  nearer 
than  eighteen  inches  to  the  upper  surface  t>f  such  hearth. 

No  timber  must  be  laid  nearer  than  eighteen  inches  to  any 
door  of  communication  through  the  party  walls  of  warehouses 
and  stables. 

Bressummers,  story  posts,  and  plates  thereto,  are  only 
permitted  in  the  ground  story,  and  may  stand  even  with  the 
outside  of  the  wall,  but  must  go  no  deeper  than  two  inches 
into  a  party  wall,  nor  nearer  than  seven  inches  to  the  centre  of 
a  party  wall,  when  it  is  two  brick«  thick,  nor  nearer  than  four 
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inches  and  a  half,  provided  the  party  wall  does  not  exceed  one 
brick  and  a  half  in  thickness. 

Every  comer  story  post  must  be  of  04k,  and  at  least  tweWe 
inches  square,  when  employed  for  the  support  of  two  fronts. 

Window  frames  and  door  frames  to  the  first,  second,  third, 
and  fourth  rate  classes,  are  to  be  recessed  in  reveals,  four 
inches  at  least. 

Door-cases  and  doors  to  warehouses  only  of  the  first,  second, 
third,  or  fourth  rate  classes,  may  be  even  with  the  outward 
face  of  the  wall. 

No  external  decoration  to  be  of  wood,  except  cornices  or 
dressings  to  shop  windows;  frontispieces  to  door-ways  of  the 
second,  third,  and  fourth  rate  classes,  and  covered  ways  or  por- 
ticoes to  buildings;  but  not  to  project  beyond  the  original  line 
of  the  house  in  any  street  or  way.  Such  covered  way  or  por-* 
tico  not  to  be  covered  with  wood ;  nor  such  cornice,  covtred 
way;  or  roof  of  the  portico,  to  be  higher  than  the  under  side  of 
the  sill  to  the  windows  of  the  one  pair  of  stairs  floor.  No  fiat 
gutter  or  roof,  nor  any  turret,  dormer,  or  lantern  light,  or  other 
erection  placed  on  the  flat  of  the  roof  belonging  to  the  first, 
second,  third,  fourth,  and  fifth  rate  classes,  to  be  of  wood. 

No  wooden  water  tanks  must  be  higheir  from  the  ground  than 
the  tops  of  the  windows  of  the  ground  story. 

Those  provisions  of  the  Act  which  relate  to  the  Bricklayer 
are  the  most  numerous.  Every  master  bricklayer  must  give 
twenty-four  hours'  notice  to  the  Surveyor  of  the  district,  con- 
cerning the  building  to  be  altered  or  erected ;  but  If  the  build- 
ing is  to  be  piled  or  pUnked,  or  begun  with  wood,  it  becomes 
the  business  of  the  carpenter  to  give  such  notice. 

The  footings  of  the  walls  are  to  have  ec^ual  projections  on 
each  side ;  but  where  any  adjoining  building  will  not  admit 
of  such  projections  to  be  made  on  the  side  adjoining  to  such 
building,  this  direction  to  be  complied  with  as  nearly  as  pos- 
sible. 

The  timbers  in  each  rate,  as  girders,  beams,  trimming  joists, 
&c.  may  have  as  much  bearing  as  the  nature  of  the  wall  will 
admit,  provided  four  inches  be  left  between  the  ends  of  such 
timber  and  the  external  surface  of  the  wall. 

External  Walls. 

Every  front,  side,  or  end  wall,  not  being  a  party  wall,  is 
called  an  external  wall. 

External  walls,  and  other  external  inclosures  to  the  firsts 
second,  third,  fourth,  and  fifth  rates  of  buildings,  must  be  pf 
brick,  stone,  artificial  stone,  l^ad,  copper,  tin,  slate,  tile*  or 
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■too;  or  of  some  or  all  of  tbese  nmlerials  in  coiijuiiclion,  ex- 
cept  the  planking,  Qitiiig,  &,c.  for  ibe  foundsLliun,  which  ID^  1 
be  of  wood.  ^  I 

If  any  pnrt  to  an  external  wall  of  the  iirst  and  second  rate  )•  J 
built  wholly  of  stone,  it  is  not  to  be  less  in  ihiukuess  than  a%  1 
fblloHB :  firsvate,  fijurteen  inches  below  the  ground  floor,  nine 
inches  above  the  ground  floor;  second  rate,  nine  inches  abovA   I 
the  ground  floor.  _     | 

Where  a  recess  is^eant  to  be  made  in  an  external  wall,  it  i 
must  be  arched  over,  in  such  a  manner,  that  the  urcb  and  the  1 
back  of  such  recess,  shall  respectively  be  of  the  thickness  of  I 
ODe  brick  in  length ;  hence  no  walls  are  allowed  to  be  recessed  f 
which  are  not  more  than  one  brick  in  thickness. 

Mo  external  wall  to  the  first,  second,  third,  and  fourth  rata«  | 
is  ever  to  become  a  party-wall,  unless  the  same  shall  be  of  tin  1 
height  and  thickness  above  the  footing,  as  is  required  tor  eaobl  j 
party-wall  to  its  respective  rate. 

Party   Wath. 

Buildings  of  the  first,  second,  third,  and  fourth  rate,  which 
are  not  yet  designed  by  the  owner  thereof  to  have  separate 
and  distinct  side  walli,  on  such  parts  as  may  be  contiguous  to 
other  buildings,  must  have  party  walls;  and  they  are  to  be 
.  placed  half  and  half  on  the  ground  of  each  owner,  or  ot  each 
building  respectively,  and  may  be  built  thereon,  without  any 
nolicti  being  given  to  tike  owner  of  the  other  part,  the  first 
builder  having  aright  so  to  do,  when  building  against  vacant 
ground. 

Parly-walls,  chtmneya,  and  chimney  shafts  hereafter  to  be 
built,  must  *be  of  good  sound  brick  or  stone,  or  of  sound 
biicks  and  stone  together,  and  must  be  coped  with  stone,  tile, 
or  brick.  ^ 

Party-walls,  or  additions  thereto,  must  be  carried  up  thirteen 
inches  above  the  roof,  measuring  at  right  angles  with  the  back 
of  the  rafter,  and  twelve  inches  above  the  gutter  of  the  highest 
building  which  gables  against  it-,  but  where  the  height  of  a 
party-wall  so  carried  up,  exceeds  the  height  of  the  blocking 
course  or  parapet,  it  may  be  made  less  than  one  foot  above  the 
gutter,  for  the  distance  of  two  feet  six  inches  from  the  front 
of  the  blocking  course  or  parapet. 

Where  dormers  (the  term  for  windows  in  roofs,  difTering 
from  sky-ltghls  by  their  being  vertical,)  or  other  erections  are 
fixed  in  any  flat  or  roof,  within  four  feet  of  any  party-wall, 
such  party-wall  is  to  be  carried  up  against  such  dormer,  and 
must  extend  at  least  two  feet  wider,  and  to  the  full  height  of 
every  such  dormer  or  erection. 
■        12.— Vol.  1.  2  M 
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No  recess  is  to  be  hereafter  made  in  any  party-wall  of  thefirmt, 
second,  third,  and  fourth  rate,  except  for  chimney  flues,  girders, 
&c.  and  for  the  ends  of  walls  or  piers,  so  as  to  reduce  such  wall 
in  any  part  of  it  to  a  less  thickness  than  is  required  by  the  act, 
for  the  highest  rate  of  building  to  which  such  wall  belongs. 

No  opening  is  to  be  made  in  any  party-ip?all,  except  for  com- 
munication from  one  stack  of  warehouses  to  another,  and  from 
one  stable  building  to  another,  and  the  communications  al- 
lowed must  have  wrought  iron  doors,  and  the  pannels  thereof 
are  not  to  be  less  than  a  quarter  of  an  inch  thick,  and  moat 
be  fixed  in  stone  door-cases  and  sills.  But  there  may  be 
openings  for  passages  or  ways  on  the  ground,  for  foot  pas- 
sengers, cattle,  or  carriages,  which  must  be  arched  oyer 
throughout  with  brick  or  stone,  or  brick  and  stone  together, 
of  the  thickness  of  a  brick  and  a  half  at  the  least,  to  the  first 
and  second  rate,  and  one  brick  to  the  third  and  fourth  rate* 
And  if  there  is  any  cellar  or  vacuity  under  such  passage,  it  is 
to  be  arched  over  throughout  in  the  same  manner  as  the  pas- 
sage over  it. 

No  parfey-wall,  or  party-arch,  or  shaft  of  any  chimney,  new 
or  old,  must  be  cut  into,  except  for  the  foUowmg  purposes:  if 
the  fronts  of  buildings  are  in  a  line  with  each  other,  a  recess 
may  be  cut,  both  in  the  fore  and  back  front  of  such  buildings, 
(as  may  be  already  erected,)  for  the  purpose  of  inserting  the 
end  of  such  other  external  wall,  which  is  to  adjoin  thereto. 
This  recess  must  not  be  more  than  nine  inches  deep  from  the 
outward  faces  of  such  external  walls,  and  not  be  cut  beyond 
the  centre  of  the  party-wall.  And  for  the  purpose  of  inserting 
bressummers  and  story-posts,  that  are  to  be  fixed  on  the  ground 
floor,  either  in  the  front  or  back  wall,  the  recesS  may  be  cut 
from  the  foundation  of  such  new  wall  to  the  top  of  such  bres- 
summer,  fourteen  inches  deep  from  the  outward  face  of  such 
wall,  and  four  inches  wide  in  the  cellar  story,  and  two  inches 
wide  on  the  ground  story.  The  same  may  also  be  done  for  the 
purpose  of  tailing-in  stone  steps,  or  stone  landings,  as  for 
bearers  to  wood  stairs,  or  for  laying-in  stone  corbels  for  the 
support  of  chimney  jambs,  girders,  beams,  purlines,  binding 
or  trimming  joists,  or  other  principal  timbers. 

Perpendicular  recesses  may  also  be  cut  in  any  party-wall, 
whose  thickness  is  not  less  than  thirteen  inches,  for  the  pur- 
pose of  inserting  walls  and  piers  therein ;  but  they  must  not  be 
wider  than  ^fteen  inches,  or  more  than  four  inches  deep ;  and 
no  such  recess  is  to  be  nearer  than  ten  feet  to  any  other  recess. 
All  such  cuttings  or  recesses  must  be  immediately  made  good, 
and  effectually  pinned  up,  with  brick,  stone,  slate,  tile,  shell, 
or  iron,  bedded  in  mortar. 
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No  party-wall  must  be  cut  for  any  of  the  above  purposes,  if 
the  same,  will  injure,  displace,  or  endanger  the  timoers,  chim- 
neys, flues,  or  internal  finishings  of  the  adjoining  buildings. 

The  footing  may  be  cut  off  on  the  side  of  any  party-wall, 
where  an  independent  side  wall  is  intended  to  be  built  against 
such  party-wall. 

When  any  buildings  (inns  of  court  excepted)  that  are  erected 
over  gate-ways,  or  public  passages,  or  have  different  rooms  and 
floors,  the  property  of  dinerent  owners,  are  to  be  rebuilt,  they 
must  have  a  party-wall,  witb  a  party-arch  or  arches  of  the 
thickness  of  a  brick  and  a  half  at  the  least,  to  the  first  and 
second  rate,  and  of  one  brick  to  the  third  and  fourth  rate,  be- 
tween building  and  building,  or  between  the  different  rooms 
and  floors  that  are  the  property  of  different  owners. 

Inns  of  court  are  required  only  to  have  party-walls  where 
any  room  or  chamber  communicates  to  each  separate  and  dis- 
tinct staircase,  and  which  are  also  subject  to  the  same  regula- 
tions as  respect  other  party-walls. 

If  buildings  of  different  rates  adjoin  each  other,  and  any  ad- 
dition is  intended  to  be  made  to  the  lower  rate,  the  party-wall 
of  such  building  must  be  such  as  is  required  for  that  of  the 
higher  rate  adjoining. 

When  any  party-wall  is  raised,  it  is  to  be  made  of  the  same 
thickness  as  the  wall  in  the  story  next  below  the  roof  of  the 
highest  building  adjoining,  but  it  must  not  be  raised  at  all, 
unless  it  can  be  done  with  safety  to  such  wall,  and  the  build- 
ing adjoining*  thefreto. 

Every  dwelling-house  built  four  stories  high  from  the  foun- 
dation, exclusive  of  rooms  in  the  roof,  must  have  its  party-wall 
built  according  to  the  third  rate,  although  such  dwellinff-house 
may  be  of  the  fourth  rate.  Every  dwelling-house,  also,  ex- 
ceeding four  stories  in  height  from  the  foundations,  exclusive 
of  the  rooms  in  the  roof,  must  have  its  party-wall  built  accord- 
ing to  the  first  rate,  although  such  house  may  not  be  of  the 
first  rate. 

Chimnej/s.  ^ 

No  chimney  is  to  be  erected  on  timber,  except  on  the  piling, 
planking,  8cc.  of  the  foundations  of  the  building. 

Chimneys  may  be  built  back  to  back  in  party-walls ;  but  when 
this  is  done,  they  must  not  be  less  in  thicicness  from  the  centre 
of  such  party-wall  than  as  follows:  first  rate,  or  adjoining 
thereto,  must  be  one  brick  thick  in  the  cellar  story,  and  half 
a  brick  in  all  the  upper  stories.  Second,  third,  and  fourth 
Irate,  or  adjoining  thereto,  must  be  three-quarters  of  a  brick  in 
the  cellar  story ;  and  half  a  brick  in  all  the  upper  stories.    Sach 
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ohimneys  in  party-walls  of  any  of  the  four  rates,  as  do  not 
stand  back  to  back,  may  be  built  as  follows;  from  the  external 
face  of  the  party-wall  to  the  inward  face  of  the  bacic  of  the 
chimney  in  tne  cellar  story,  one  brick  and  a  half  thick,  and  in 
the  upper  stories,  one  brick  thick  from  the  hearth  to  twelve 
inches  above  the  mantle.  If  such  chimney  is  biiilt  against 
any  other  wall,  the  back  may  be  half  a  brick  thinner  than 
above  stated. 

Those  backs  of  chimneys  which  are  not  in  party-walls  of  the 
second,  third,  and  fourth  rate,  must  be  in  every  story  one  brick 
thick  at  least,  from  the  hearth  to  twelve  inches  above  the  mantle* 
These  backs  may  also  be  half  a  brick  thinner,  if  such  chimney 
be  built  against  any  other  wall. 

The  breasts  of  chimneys,  whether  in  party-walls  or  tiot,  are 
not  to  be  less  than  one  brick  thick  in  the  cellar  story,  and  half 
a  brick  thick  in  every  other  story. 

All  partitions  between  flues  must  not  be  less  than  half  a 
brick  tnick. 

'  Flues  may  be  built  opposite  to  each  other  in  party-walls, 
but  they  must  not  approach  nearer  to  the  centre  of  such  wall 
than  two  inches. 

All  chimney  breasts  next  to  the  rooms,  and  chimney  backs^ 
and  all  flues,  are  to  be  rendered  or  pargeted. 

Backs  of  chimneys,  and  flues  in  party-walls  against  vacant 
ground,  must  be  lime  whited,  or  marked  in  some  durable  man- 
ner, but  must  be  rendered  or  pargeted  as  soon  as  any  other 
building  is  erected  to  afdjoin  them. 

No  timber  must  be  over  the  opening  of  any  chimney  for 
supporting  the  breast;  but  all  chimneys  must  have  a  brick  or 
stone  arch,  or  iron  bar  or  bars. 

All  chimneys  must  have  slabs  or  foot  paces  of  stone,  marble^ 
tile,  or  iron,  at  least  eighteen  inches  broad,  and  at  least  one 
foot  longer  than  the  opening  of  the  chimney  •when  finished; 
and  such  slabs  or  foot  paces  must  be  laid  on  brick  or  stone 
trimmers  at  least  eighteen  inches  broad  from  the  face  of  the 
chimney  breast,  except  there  be  no  room  or  vacuity  beneath, 
in  which  case  they  may  be  bedded  on  the  ground* 

Brick  funnels  must  not  be  made  on  the  outside  of  the  first, 
second,  third,  or  fourth  rate,  next  to  any  street,  square^  court, 
road,  or  way,  so  as  to  extend  beyond  the  genial  line  pf  the 
buildings  in  such  situations. 

No  metallic  funnel  or  other  pipe,  for  conveying  smoke  pr 
steam,  is  allowed  to  be  fixed  nearany  public  street, square,  courts 
or  way,  to  the  first,  second,  third,  or  fourth  rate,  and  no  suco 
pipe  is  to  be  fixed  on  the  inside  of  any  buildins/iearer  than  four* 
teen  inches  to  any  timber,  or  other  combustible  material* 

f 
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,  The  science  of  Mechanics  has  been  very  concisely  defined, 
the  geometry  of  motion.  It  is  divided  by  Sir  Isaac  Newton 
into  the  two  branches  of  practical  and  rational  mechanics. 
Practical  mechanics  treats  of  the  six  mechanical  powers,  of 
one  or  more  of  which  every  machine  is  composed;  and  rational 
mechanics  comprehends  the  whole  theory  of  motion,  shews 
how  to  determine  the  motions  produced  by  given  powers  or 
forces ;  and,  conversely,  when  tne  phenomena  of  the  motions 
are  given,  how  to  trace  the  powers  or  forces  from  which  they 
arise. 

Of  Matter. 

• 

Every  branch  of  natural  philosophy  acquaints  us  with  some 
new  properties  of  matter,  the  general  nature  of  which,  and 
those  properties  of  it  which  respect  mechanical  science,  it  will 
here  be  requisite  for  the  reader  to  consider. 

The  terms  matter,  substance,  and  body,  though  so  nearly  al- 
lied that  they  are  occasionally  employed  in  tne  same  sense, 
without  creating  niuch  confusion  of  ideas,  have  different  sig- 
nifications, which  ought  to  be  understood. 

Matter  is  the  most  general  term  of  the  three,  and  compre- 
hends whatever  is  possessied  of  extension,  and  capable  of  mak- 
ing^ resistance,  without  regard  to  figure  or  quantity. 

The  word  substance  is  compounded  of  the  Latin  preposition 
sub  (under,)  and  the  verb  stare  (to  stand,)  and  approaches  very 
nearly  to  the  signification  of  the  word  matter,  as  it  implies  that 
which  supports  or  stands  under  the  different  forms  and  appear- 
ances which  are  presented  to  our  senses.  Its  meanme  is, 
however,  more  restricted,  and  it  is  generally  accompanied  by 
the  article,  to  denote  a  particular  portion  of  matter. 

The  term  body  comes  from  the  Saxon,  and  originally  signi- 
fied the  person  or  form  of  a  man,  or  other  creature ;  nence  it 
ought  to  be  applied  only  to  a  substance  possessing  a  definite 
form. 

An  examination  of  the  general  properties  of  matter  will  afford 
us  a  better  idea  of  its  nature,  than  can  possibly  be  given  by  a 
definition.  Some  kinds  of  matter,  as  metals,  wood,  stone,  &c. 
ire  visible,  a  property  dependent  upon  their  opacity,  or  power 
of  reflecting  to  our  eyes,  some  or  all  of  the  rays  of  Ught  which 
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fall  upon  them.  Other  kinds  of  matter  are  invisible,  on  ac- 
count of  their  perfect  transparency,  and  their  existence  is  as- 
certained only  by  their  effects.  Of  this  class  are  the  various 
kinds  of  gases;  for  example,  the  atmosphere  or  air  that 
we  breathe,  which,  though  totally  invisible  when  dry  and 
pure,  yet  is  matter,  as  much  as  iron  or  the  hardest  body  in 
nature. 

Among  the  properties  attributed  to  all  matter,  the  following 
are  too  important  to  be  passed  over  without  particular  notice, 

viz.  SOLIDITY,  EXTENSION,  DIVISIBILITY,  MOBILITY,  INER- 
TIA, ATTRACTION,  and  REPULSION. 

The  solidity  of  matter  here  meant  is  not  opposed  to  fluidity, 
bute^^presses  that  property  which  every  body  possesses,  of  not 
permitting  any  other  body  to  occupy  the  same  place  with  it  at 
the  same  time.  This  fact  is  an  axiom  in  philosophy  of  the 
most  incontestable  kind.  If  a  piece  of  wood  or  stone  occupy 
a  certain  space,  it  must  be  removed  before  another  body  can 
be  put  into  that  space,  and  though  the  tyro  may  suggest  that 
fluids  do  not  oppose  such  resistance,  it  is  only  the  facility  with 
which  they  escape  that  induces  the  supposition  of  their  being  * 
an  exception  to  this  universal  property  of  matter.  Under  pro- 
per circumstances,  their  solidity  is  as  obvious  as  that  of  the 
most  solid  substance :  the  piston  of  a  syringe  drawn  full  of 
water,  cannot  be  thrust  down  if  the  aperture  for  the  jet  be 
stopped;  and  a  pair  of  bellows  filled  with  air,  resists  compres- 
sion if  the  pipe  be  closed.  The  solidity  of  matter  thus  under- 
stood, is  the  same  with  what  some  writers  call  its  impenetra^ 
bility.  These  words,  in  common  language,  denote  the  property 
of  not  being  easily  separated  into  [larts;  a  meaning  very  dif- 
ferent from  that  attached  to  them  in  the  sense  just  explained, 
and  which  should  therefore  be  carefully  remembered. 

Extension  is  another  property  of  matter  inseparable  from  its 
existence.  The  idea  wnich  we  obtain  of  solidity  by  the  resist- 
ance of  bodies,  and  the  impossibility  of  two  bodies  co-existing 
in  the  same  identical  place,  immediately  suggest  and  prove  to 
us  that  matter  is  extended,  or  occupies  a  certain  portion  of 
space. 

Divisibility  is  that  property  by  which  matter  is  capable  of 
being  separated  into  parts  removeable  from  each  other.  We 
cannot  conceive  a  particle  of  matter  to  be  so  small,  as  not  to 
consist  of  two  halves;  this  being  the  case,  we  are  directly  led 
to  the  conclusion  that  matter  is  capable  of  being  divided  to 
infinity.  But,  however  natural  this  mode  of  reasoning  appears, 
it  has  had  many  opponents,  and  those  who  suppose  it  joBt, 
have  been  considered  as  involving  themselves  in  a  cloud  of 
palpable  contradictions.    *To  assume,  it  has  been  said^  at  a 
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first  principle  in  philosophy,  that  matter  is  infinitely  divisible, 
is  to  assert  that  it  has  no  beginning  of  substance;  that  there 
are  no  limits  between  matter  and  nothing;  and  that  a  finite 
thin^  has  infinite  properties.  Such  being  the  difhculties  at- 
tending the  assumption  of  the  infinite  divisibility  of  matter, 
Sir  Isaac  Newton  closes  an  admirable  disquisition  on  the 
nature,  laws,  and  constitution,  of  matter,  by  stating  the  great 
probability  that  God  in  the  beginning  formed  matter  into  solid, 
massive,  impenetrable,  moveable  parthcles  or  atoms,  of  sucn 
sizes  and  figures,  and  with  such  other  properties,  and  in  such 
proportion  to  space,  as  mo6t  conduced  to  the  end  for  which  he 
formed  them;  and  that  these  primitive  particles  being  absolute 
solids,  are  incomparably  harcier  than  any  of  the  bodies  com- 
pounded of  them,  even  so  hard  as  to  be  incapable  of  wearing 
or  breaking  in  pieces,  nothing  but  Infinite  Power  being  able 
to  destroy  what  Infinite  Power  made  one  in  the  fir&t  creation. 
That  nature  may  be  lasting,  the  changes  of  corporeal  things 
are  to  be  attributed  only  to  the  various  separations  and  new 
associations  of  these  permanent  particles,  and  when  compound 
bodies  break,  it  is  not  in  the  midst  of  solid  particles,  but  where 
these  are  laid  together  and  touch  only  in  a  few  points.  By 
adopting  this  theory  of  ultimate  atoms,  we  avoid  the  toils  of 
metaphysics,  although,  at  the  same  time,  we  take  for  granted 
what  we  cannot  directly  prove.  But  those  propositions  which 
are  proved  by  the  absurdity  of  supposing  the  contrary,  are 
often  as  important,  and  nearly  as  well  entitled  to  be  received, 
as  those  which  admit  of  strict  demonstration;  and  although 
Sir  Isaac  Newton's  conjecture  respecting  solid,  indestructable 
atoms,  has  been  buffeted  among  men  of  science  for  about  one 
hundred  years,  it  remains  to  be  the  prevalent  opinion  at  this 
day;  not  because  much  new  light  has  been  thrown  upon  the 
subject,  since  the  time  of  that  justly  renowned  philosopher, 
but  because  it  comports  so  well  with  the  phenomena  of  nature, 
that  an  assent  to  it  can  scarcely  be  denied  The  extreme  te- 
nuity of  certain  substances  to  our  general  perception,  is  no 
proof  against  their  being  composed  oi  particles  perfectly  solid; 
if  a  wet  bladder  be  tied  over  the  mouth  of  a  pneumatic  jar 
(that  is,  a  jar  open  at  the  bottom,)  and  then  gently  dried,  so  as 
to  remain  well  stretched,  and  the  jar  be  then  placed  upon  the 
air-pump,  as  soon  as  it  is  exhausted  of  air,  the  atmosphere  pres- 
sing upon  the  exterior,  will  burst  the  bladder,  and  falling  upon 
the  pump-plate,  will  produce  a  loud  report,  like  a  gun.  This 
efiect  could  not  be  produced  without  the  intervention  of  solid 
particles  in  air.  Further,  it  seems  impossible  to  account  for 
the  power  of  the  most  subtile  agents  of  nature,  if  their  ultimate 
atoms,  however  few  they  may  be  in  a  given  compass,  were  not 
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eaual  in  solidity  to  those  which  appear  to  us  the  hardest* 
Tnough  the  velocity  of  the  electric  fluid  is  immeasurably  great, 
that  velocity  alone  would  be  insufficient  to  produce  its  well*' 
known  effects  on  bodies  of  the  closest  texture,  if  it  contained 
no  principle  of  hardness  within  itself. 

Having  premised  these  considerations,  we  shall  now  take  a 
view  of  parts  actually  separate,  and  if  we  shall  find  that  these 
are  so  small  and  so  numerous  as  to  surpass  imagination,  we 
shall  have  approximated  as  nearly  as  the  human  understanding 
can  do,  to  the  attainment  of  an  idea  of  the  inconceivable 
minuteness  of  those  solid,  ultimate,  indivisible  atoms,  which 
constitute  matter.  A  pound  of  so  gross  a  substance  as  cottOD, 
may  be  spun  into  a  thread  exceeding  one  hundred  miles  in 
length ;  ^nd  the  celebrated  Boyle  speaks  of  a  thread  of  silk 
three  hundred  yards  in  lengthy  which  weighed  no  more  than 
three  grains  and  a  half.  But  the  ductility  of  gold  is  still  more 
astonishing;  a  grain  of  gold  can  be  hammered  by  the  gold- 
beaters, until  it  will  cover  fifty  square  inches,  and  may  be 
divided  into  two  millions  of  visible  parts,  the  gold  which 
covers  the  silver  wire  used  in  making  silver  lace,  is  spread  over 
a  surface  twelve  times  greater  than  in  the  last  mentioned  in- 
stance. In  making  this  wire,  a  cylindrical  bar  of  silver  is 
strongly  gilt,  and  afterwards  converted  into  wire  by  drawing  it 
successively  through  holes  diminishing  in  magnitude,  formed 
in  plates  of  steel.  By  this  means  the  surface  is  prodigiously 
augmented;  but  the  wire  still  remains  gilt,  and  preserves  a 
uniform  appearance,  even  when  examined  by  the  microscope. 
Sixteen  ounces  of  gold,  whicH  would  not  occupy  more  space 
than  one  cubical  inch  and  a  quarter,  will  completely  gild  a 
wire  Isufficient  to  encompass  the  whole  globe  of  the  earth. 
The  metallic  particles  in  acid  solutions  are  still  more  minutely 
divided.  A  single  grain  of  copper  dissolved  in  an  ounce  oif 
diluted  nitrous  acid,  will  impart  a  green  colour  to  a  gallon  of 
water,  or  cover  one  thousana  square  inches  of  bright  iron  with 
a  coat  of  copper. 

The  odour  of  all  bodies  that  excite  the  sensation  of  smell 
cannot  be  given  out  without  a  waste  of  their  substance ;  yet 
this  waste  is  so  very  small,  that  is,  the  fragrant  parts  of  bodies 
are  endued  with  such  prodigious  divisibility,  as  in  general, 
for  long  periods,  to  occasion  no  perceptible  diminution  of  the 
substance  by  which  it  is  sustained.  The  odour  of  a  grain  of 
musk  will  continue  for  twenty  years  in  an  apartment  wh^re 
fresh  air  is  admitted  every  day.  Instances  of  the  wonderful 
divisibility  of  matter  are  very  abundant.  Gunpowder,  when 
exploded,  expands  to  two  hundred  and  forty-four  times  the 
buik.it  occupied  >in  a  solid  state;  and  water,  when  converted 
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into  vupour  or  steam,  fills  a  space  eighteen  hundred  times 
greater  than  in  its  fluid  form. 

The  wonders  of  the  organized  creation,  as  laid  open  to  us 
by  the  microscope,  are  not  less  extraordinary  than  any  thing 
we  have  yet  contemplated,  as  exemplifying  the  divisibility  of 
matter.  LewenhoecK  discovered  in  the  melt  of  a  single  cod- 
fish a  greater  number  of  animalculee  than  there  are  inhabitants 
upon  the  face  of  the  earth ;  and  be  calculates  that  one  thou- 
sand  millions  of  such  animalculee  as  are  discovered  in  com- 
mon water  would  not  equal  in  magnitude  a  grain  of  common 
sand.  Thousands  of  these  minute  beings  might  be  contained 
on  the  point  of  a  fine  needle;  yet,  if  we  suppose  them  to  be 
furnished  with  bloody  like  other  animals,  and  if  the  globules 
of  their  blood  bear  the  same  proportion  to  their  bulk  as 
those  of  a  man  bear  to  his  body,  it  may  be  proved  that  the 
smallest  visible  grain  of  sand  would  contain  more  of  these 
globules  than  ten  thousand  of  the  largest  mountains  in  tlie 
world  would  contain  grains  pf  sand.  When  we  have  well 
considered  the  minuteness  of  the  smallest  object  in  the  mi- 
croscopic world,  and  are  apprized  that  innumerable  particles 
.  of  lignt  must  proceed  to  our  eye  from  every  part  of  that 
object,  or  it  would  not  be  visible,  we  may  perhaps  be  led  to 
institute  an  inquiry  respecting  the  size  of  the  particles  of 
light  itself.  The  result  of  such  an  investigation  will  mock 
our  conception,  even  if  nothing  we  have  previously  learned 
has  had  this  effect.  By  a  calculation  apparently  well  con- 
ducted, a  particle  of  light  has  been  estimated  at  ^t^i^JL.i:i4w>o 

part  of  a  grain. 

From  tbe  preceding  statement  it  is  clear,  that  matter  is 
actually  divisible  to  a  greater  extent  than  we  can  conceive. 
On  the  other  hand,  it  is  next  to  an  absolute  certainty,  that 
the  hardest  and  most  compact  bodies  are  full  of  pores  or  in- 
terstices, their  particles  being  either  no-where  in  actual  con- 
tact, or  touching  only  in  a  few  points.  One  proof  of  this  is, 
that  the  hardest  bodies  are  known  to  contract  by  cold,  which 
contraction  would  be  impossible,  if  their  particles  were  in- 
capable of  a  nearer  approach  to  each  other. 

Mobility  expresses  tne  capacity  of  matter  to  be  moved  from 
one  position  or  part  of  space  to  another. 

Space  is  an  abstract  idea,  and  must  be  described  princi- 
pally by  its  want  of  properties.  Its  extension  or  capacity  is 
without  limits,  and  it  does  not  consist  of  parts  capable  of  actual 
separation  from  each  other;  the  division  of  it  therefore  is 
always  merely  hypothetical.  It  is  incapable  of  resisting  in 
any  degree  the  passage  of  bodies  througn  it;  and  being  per- 
12.— Vol.  I.  2  N 
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fectly  uniform  in  all  its  parts,  these  cannot  be  distinguished 
from  each  other  except  by  the  bodies  placed  in  them.  Whea 
any  given  length,  as  a  yard  or  a  mile,  has  become  familiar  to 
us,  we  can  reduplicate  these  measures  as  often  as  we  pleaae, 
without  joining  them  to  the  idea  of  body,  and  we  thus  obtain 
our  ideas  of  immensity. 

Inertia  is  the  term  which  designates  the  passivenesa  of 
matter,  which,  if  at  rest,  will  for  ever  remain  in  that  state 
until  compelled  by  some  cause  to  move ;  and,  on  the  con- 
trary, if  in  motion,  that  motion  will  not  cease,  or  abate^  or 
change  its  direction,  unless  the  body  be  resisted.  That  m 
body  at  rest  will  not  move  of  itself,  will  be  readily  admitted ; 
but  its  tendency  to  continue  the  motion  once  communicated 
to  it,  contradicting  our  ordinary  experience,  requires  a  little 
explanation.  We  can  indeed  produce  no  species  of  motion 
which  will  fully  illustrate  the  proposition  by  experiment; 
but  the  conclusion  seems  undeniable,  when  we  consider  the 
effect  produced  by  diminishing  the  obstructions  to  a  body 
in  motion.  These  obstructions  are,  gravitation,  the  resist- 
ance of  the  air,  and  friction.  Gravitation,  as  will  be  under- 
stood when  we  come  to  treat  of  it,  operates  according  to 
established  laws,  unsusceptible  of  change  or  modification  by 
human  art ;  most  of  the  resistance  of  the  air  may  be  removed 
by  means  of  the  air-pump,  but  experiments  with  this  machine 
can  only  be  of  small  extent;  the  last-named  obstruction  to 
motion,  viz.  friction,  is  therefore  the  only  one  we  have  in 
general  the  power  of  diminishing ;  and  yet  in  proportion  as 
this  one  is  diminished,  we  find  the  motion  communicated  to 
a  body  by  a  given  impulse,  so  much  increased  that  we  can- 
not hesitate  to  consider  the  action  of  gravitation  and  the  re- 
sistance of  the  air,  combined  with  the  friction  yet  unde- 
stroyed,  as  the  sole  causes  of  its  ever  ceasing.  If  a  ball  be 
jrojected  along  a  rough  pavement,  it  will  soon  stop ;  if  pro- 
ected  on  a  level  floor,  the  samd  force  will  send  it  much 
urther ;  and  on  a  surface  perfectly  plane,  hard,  and  smooth, 
a  ball  also  perfectly  hard  and  smooth,  as  well  as  globular, 
would  be  carried  perhaps  five  hundred  yards,  by  tne  same 
force  that  would  scarcely  carry  it  twenty  yards  upon  the 
rough  pavement.  So  far,  also,  as  reasoning  confirms  the  ex- 
planation given  of  the  inertia  of  matter,  it  seems  as  absurd 
to  suppose  that  matter  once  put  in  motion  can  stop  with- 
out a  cause,  as  that  when  at  rest  it  can  move  without  a 
cause. 

Attraction  denotes  the  property  which  bodies  have  to 
approach  each  other.  Philosophers  enumerate  five  kinds 
of  attraction,  viz.  the  attiaction  of  cohesion,  of  gravHaiion, 


of  electricitif,  oi  vtagmtUm,  and  chemical  attraction.     Only  tha 
two  first  kinds  of  attraction  belong  to  oar  present  subject. 

The  attraction  of  coAesion  takes  place  between  bodies  only 
when  they  are  at  very  short  distances  from  each  other,  nnq 
may  be  exemplified  in  a  variety  of  ways.  If  two  pieces  of  lead  • 
be  scraped  clean  and  smooth,  and  then  strongly  conipressedi 
they  will  cohere  almost  as  firmly  as  if  united  by  solder.  Planet 
of  glass,  marble,  and  other  substances,  exhibit  similar  pheno^  . 
niena.  That  this  cohesion  is  not  owing  merely  to  the  exclu- 
sion of  the  atmoshere,  from  the  evenness  of  the  surfaces  era- 
ployed,  is  proved  by  its  taking  place  in  vacuo.  i 

The  strength  of  the  attraction  of  cohesion  differing  in 
diflerent  kinds  of  matter,  is  supposed  to  be  the  cause  ot  the 
relative  degrees  of  hardness  in  ditterent  bodies.  It  is  therefore  - 
weakest  in  fiuids ;  yet  substances  of  this  description  indicato 
-I  disposition  to  unite.  A  Huid  may  be  poured  into  a  vessel 
till  il  rises  above  the  brim,  because  the  attraction  between  it* 
particles  resists,  to  a  certain  extent,  its  overflowing.  From' 
the  same  cause,  the  drops  of  dew  upon  the  leaves  of  plants^ 
'.ind  wHter  thrown  upon  a  dusty  Hoor,  where  it  is  prevented 
from  spreading,  assume  a  globular  form;  small  portions  o£ 
quicksilver,  also,  when  brought  near  each  other,  coalesce,  and 
assume  the  same  globular  appearance. 

A  fluid  contained  in  a  vessel  not  full  to  the  brim,  assumes  % 
concave  form,  being  highest  at  the  edge.     If  a  plate  of  glass    , 
be  immersed  in  water,  the  water  immediately  Burroundin<;  it 
will  rise  above  the  general  surface.     If  a  second  plate  of  glass 
be  immersed  in  the  water,  parallel  to  the  former,  and  at  a  very 
short  distance  from  it,  the  fluid  will  rise  above  its  level  be-   . 
tween  the  two  plates,  and   the  nearer  they  are  brought  ta  ' 
each  other,  so  as  not  to  touch,  the  higher  will  the  water' 
rise.     If  the  water  be  darkened,  as  by  the  addition  of  a  little 
ink,  and  a  glass  tube  with  an  excedingly  small  bore  be  plnced  ^ 
perpendicularly  in  it,  the  rise  may  be  distinctly  delected  to  * 
be    very    considerable.     All    effects    of   this    description,    tO 
which  may  be  referred  the  rising  of  water  in  a  sponge,  oi  '' 
other  porous  bodies,  are  usually  attributed  to  what  is  called 
r(i;)//^r^ .attraction;  but  capillary  attraction  is  only  a  particu*  . 
lar  modification  or  branch  of  the  attraction  of  cohesion.  I 

The  attraction  of  gravilaliou,  diH'ers  from  the  attraction  of  ' 
cohesion  in  this  respect,  that  it  is  exerted  at  all  distances, 
and  by  every  particle  of  matter  upon  every  other  particl& 
This  principle  is.  the  basis  of  the  Newtonian  philosopby. 
The  planets  and  comets  all  gravitate  towards  the  sun.  anj 
towards  each  other,  us  well  as  Ihe  sun  towards  them.  The 
gravitating  power  of  a  body,  is  always  prupoilionaLe  to  its 
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quantity  of  matter;  and  all  the  heavenly  bodies  are  retained 
in  their  places  by  the  due  balance  of  their  action  on  each  other. 
An  effect  of  gravity,  or  gravitation,  familiar  to  all  mankind,  is 
the  tendency  of  bodies  to  fall  to  the  earth.  This  tendency  is 
always  towards  a  point,  which  is  either  accurately  or  very 
nearly  in  the  centre  of  the  earth ;  consequently  bodies  faU 
every-where  perpendicularly  to  the  surface,  and  on  opposite 
sides  of  the  globe,  they  fall  in  opposite  directions  or  towards 
each  other.  It  is  not  meant  that  there  is  any  peculiar  virtne 
or  charm  in  the  point  called  the  centre ;  but  because  such  is 
the  result  of  the  gravitation  of  bodies  towards  all  parts  of  which 
the  earth  consists.  The  pressure  of  bodies  to  attain,  in  all 
cases,  the  lowest  situation  possible,  or  that  nearest  the  centre 
of  the  earth,  is  what  constitutes  their  weight.  All  substances 
having  a  certain  degree  of  gravity ;  they  have  consequently  all 
weight.  Even  smoke  and  vapours  are  possessed  of  it,  the  rea- 
son of  their  rising  from  the  earth  being  the  same  as  that  which 
causes  a  piece  of  wood  to  swim  in  water,  viz.  they  are  lighter 
than  an  equal  bulk  of  the  atmosphere  or  fluid  in  which  they  are 
disengaged,  and  therefore  their  falling  to  the  ground  is  as  effec* 
tually  resisted  as  the  falling  of  a  stone  supported  by  the  hand* 

As  the  gravitating  force  is  always  proportionate  to  the  qui^n- 
tity  of  matter,  the  most  compact  and  the  most  loose,  tBe 
greatest  and  the  smallest  bodies,  descend  through  equal  spaces 
m  equal  times,  unless  they  fall  through  a  resisting  medium, 
whicti  operates  most  upon  those  which  have  the  greatest  ex- 
tension for  their  weight.  If  a  guinea  and  a  feather  were  dropt 
at  the  same  instant  from  the  top  of  a  house,  no  one  will  be  at 
a  loss  to  say,  which  would  soonest  reach  the  ground ;  but  in 
the  exhausted  receiver  of  an  air-pump,  these  tvf(%  bodies  fall 
together.  The  guinea,  containing  more  solid  matter  than  the 
feather,  requires  more  force  to  put  it  in  motion;  but  the  attrac- 
tive power  being  proportioned  to  the  quantity  of  matter,  its 
velocity  is  not  greater  than  that  of  a  body  which  requires  less 
force  to  put  it  in  raolion-w  Another  proof  that  the  gravity  of 
bodies  is  proportionate  to  their  quantity  of  matter,  is  derived 
from  experiments  on  the  motion  of  pendulums.  When  the 
lengths  of  pendulums  are  equal,  and  they  vibrate  in  equal 
arcs,  they  always  acquire  equal  velocities  at  the  correspond- 
ing points  of  those  arcs,  and  their  vibrations  are  consequently 
performed  in  times  exactly  equal,  however  different  the  bulk 
and  texture  of  the  material  of  which  they  are  composed. 
The  resistance  of  the  air  must  be  understood  to  be  excluded 
in  this  experiment,  because  it  acts  unequally  on  differetit 
bodies,  as  already  exemplified  in  the  guinea  and  feather 
experiment. 
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In  all  places  equally  distant  from  llie  centre  of  the  earth, 
the  force  of  gravity  ia  nearly  equal.  The  earth  is,  however, 
not  a  perfect  globe,  but  a  little  depressed  on  two  opposite 
sides,  partly  liKe  an  orange.  These  depressed  parts  are  at  the 
poles,  and  the  polar  diameter  of  the  earth  has  been  found  to 
be  about  thirty-four  miles  shorter  than  the  equatorial  one. 
The  surface  of  the  earth  at  the  equator  being  therefore  seven- 
teen railea  further  from  the  centre  than  at  the  poles,  the  force 
of  gravity  there  is  less  than  at  the  poles.  It  is  for  this  reasoa 
that  a  pendulum  calculated  to  swing  seconds  in  the  polar  re- 
gions, must  be  shortened  before  it  will  stving  seconds  at  the'^ 
equator ;  and  that  bodies  at  the  equator  loose  yj^,  part  of  the 
weight  which  they  would  have  at  the  poles. 

The  power  of  gravity,  at  any  given  place,  is  Ecfiatesl  at 
the  earth's  surface,  from  whence  it  decreases  both  upwards 
and  downwards,  but  not  both  ways  in  the  same  proportion. 
The  force  of  gravity  upwards  decreases  as  the  square  of  ths 
distance  from  the  centre  increases;  so  that  at  a  double  dis- 
tance from  the  centre  above  the  surface,  the  force  would  only 
be  one-fourth  of  what  it  is  at  the  surface.  The  surface  of  the 
earth  is,  in  round  numbers,  four  thousand  miles  from  the 
centre;  if  then  a  body  at  the  surface  weighs  four  poundu, 
and  falls  through  sixteen  feet  in  a  second  of  time,  it  will  at 
double  this  distance  from  the  centre  weigh  but  one  pound, 
and  will  fall  through  but  four  feet  in  a  second  of  Ume.  Below 
the  surface  of  the  earth,  the  power  of  gravity  dimininhes  in 
such  a  manner  that  its  intensity  is  in  the  direct  ratio  of  the 
distance  frofn  the  centre,  and  not  as  the  square  of  the  distance; 
so  that  at  the  distance  of  two  thousand  miles,  which  is  hiilf  i 
semi-diameter  from  the  centre,  the  force  woidd  be  but  half 
what  it  is  at  the  surface;  at  one-third  of  a  semi-dinmeter.  the 
force  would  be  one-third,  and  the  same  rattii  is  applicable  to 
all  other  distances.  But  although  the  force  of  gravity,  strictly 
speaking,  varies  in  the  manner  just  stated,  in  receding  from 
the  surface,  its  operation  at  short  distances  is  considered  uni- 
form, a  quarter  or  even  half  a  mile  bearing  so  small  a  propor- 
tion to  the  earth's  radius,  that  the  difierence  ts  too  insignifi- 
cant to  be  noticed  in  calculations. 

As  the  power  of  gravity  appertains  to  every  particle  of 
matter,  and  the  gravitating  power  of  entire  bodies  consists  of 
that  of  all  their  parts,  under  certain  circumstances  the  gravity 
of  a  part  of  the  earth  somewhat  counteracts  that  of  the  whole 
earth.  Thus,  the  attraction  of  a  lofty  mountain  is  found  to 
draw  a  plumb-line  at  the  foot  of  it  ft  little  out  of  the  perpen- 
dicular, so  that  in  such  a  situation  it  does  not  tend  to  the 
centre  of  the  earth. 
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The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  m  the  latitude  of 
London ;  and  for  other  times  either  greater  or  less  than  that, 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  were 

[)laced  at  ever  so  great  a  distance  from  one  another,  and  theik 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  the 
universe  to  afiect  them,  they  would  fall  equally  swift  towards 
one  another,  with  a  velocity  continually  accelerated,  and  would 
meet  in  a  point  which  was  at  first  exactly  half  way  between 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter,  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  thev  would  fall  towards  one  another,  with  Telo- 
cities  which  would  be  in  an  inverse  proportion  to  their  respee* 
tive  quantities  of  matter;  moving  as  in  the  former  case  witn  an 
accelerated  motion,  thev  would  meet  in  a  point  as  much  nearer 
to  the  place  from  which  the  heavier  body  began  to  fall,  than 
to  the  place  from  which  ihe  lighter  began  to  rail,  as  the  quan- 
tity of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity  should  accelerate  the  descent  of  felling  bodies, 
is  an  efiect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carrv  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  efiect  in  the  first  minute,  and  therefore,  at 
the  expiration  of  two  minutes,  the  body  will  have  descended 
through  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  &c.  and  consequently 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of  the  last 
acquired  velocities ;  for  the  continued  addition  of  the  odd 
nrumbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  3, 
the  next  number,  added  to  1,  makes  4,  which  is  the  sauare  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  ana  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
1,  2,  3,  4,  &c.  and  the  spaces  described  as  1, 3,  5, 7,  &c.  it  fol- 
lows that  the  spaces  described 

In  1  minute  will  be  .  •  • 1,        which  is  the  square  of  1 

In  2  minutes  will  be 1+3=4,  —  —  2 

In  3  minutes  will  be....  1+3+5=9,  —  —  3 

In  4  minutes  will  be  1+3+5+7=16,  —  —  4 
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J  Hence  it  is  appnreiil  that  the  spaces  ilr-scj-ibed  in  citti'ereni 
fae&  by  II  fiklting  body,  nre  to  eacb  otlier  ais  the  squares  of  Uie 
a»  IVuiii  tlic  beyinniiig  of  the  descenl.  or,  wUich  produces 
same  result,  ihey  are  as  the  squares  oF  Uie  velocities)  oc- 
red  Ht  the  ends  of  thoae  times. 

'he  motion  of  u  falling  body  being  uniformly  uccelemted 
jjmviiy,  the  same  cause  uniformly  Teltrda  the  motion  of  u 
l<>dy  thrown  directly  upwards.  A  body  projected  perpendicu- 
ty,  with  i\  velocity  equal  lo  that  winch  it  wo«id  hare  ac- 
ircd  by  falling  from  any  height,  will  Kscend  to  the  aanie 
ij-lit  before  itlosM  all  its  velocity. 

iruvil^  and  weight,  it  ought  tg  be  understood,  are  not  in- 
:hiin<;eLible  terms.  Gravity  is  a  power  of  which  weight  is 
eH'ect.  Gfavity  has  u  euustimt  tendency  to  impress,  on 
;iy  purticle  of  bodies,  a  certain  velocity,  which  would 
ftise  tbeni  to  fall  if  they  were  not  supported;  weight  is  the 
ftiistaiice  necessitry  lo  destroy  this  velocity,  or  produce  this 
ort. 

hei)  the  many  and  wonderful  discoveries  which  signalize 
le  [iresent  age  are  considered,  it  seems  presumptuous  to  mark 
le  boundaries  of  success  to  human  inquiry ;  but  we  may  very 
jfety  assert,  that  no  researches  have  ever  yet  been  made,  which 
lable  IIS  to  discover,  in  the  essential  properties  of  matter,  the 
luse  of  gravity.     Of  the  existence  of  such  a  power,  we  are 
itinually  surrounded  by  the  most  indubitable  proofs  j  and 
t  its  influence  extends  over  and  governs  the  solar  system, 
if  the  solar  system,  the  whole  material  universe,  there 
IS  as  little  reason  to  deny.    Sir  Isaac  Newton  has  conjec- 
:1  that  matter  is  composed  of  indivisible,  perfectly  solid 
Tticles  or  atoms,  a  theory  that  has  been  explained  in  the 
part  of  this  subject;  but  if  the  ultimate  particles  of 
itter  be  perfectly  solid,  they  cannot  be  pervaded ;  if  they  be 
iapable  of  wearing  or  separation,  tbey  can  throw  nothing 
;  and  if  no  single  atom  can  receive  or  part  with  any  thing, 
w  can  it  act  at  all  distances  upon  every  other  portion  of 
satler  in  the  universe?  or  how  can  any  aggregation  of  atoms 
postess  a  power  incompatible  with  the  nature  of  its  component 
parts?    Such  is  a  slight  view  of  the  argument  on  this  subject; 
it  is  not  our  object  to  involve  the  reader  in  the  mazes  of  useless 
theories,  though  we  may,  for  bis  amusement,  and  the  exercise 
if  his  judgment,  occasigiially  glance  at  them  and    pass  on. 
~i  various  branches   of  knowledge,  we  discover  abundant 
?oofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effects  spring  from  the  inherent  proper- 
ties, the  properties  originally  impressed  upon  things  by  the 
Creator;  but  ia  the  absence  of  the  secondary  cause  of  gravity, 
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or  until  we  can  prove  it  to  be  dependent  upon  the  essential 
properties  of  matter,  gravity  should  be  considered  as  a  term 
expressing  merely  a  fact  or  phenomenon;  and  it  is  wise  to 
refer  the  cause  of  it  at  once  to  the  Final  Cause  of  all  things, 
and  to  regard  it  as  the  "Finger  of  God,  the  constant  impres- 
sion of  Divine  power." 

Repuhion  is  the  last  property  of  matter  which  we  have 
enumerated.  A  variety  of  considerations  induce  philosophers 
to  admit  thfit  there  is  a  sphere  of  repulsion  whicn  extends  to 
a  small  distance  round  bodies,  and  prevents  them  from  coming 
into  actual  contact  with  each  otner,  except  some  force  is 
exerted  to  overcome  this  resistance,  and  then  the  attraction 
of  cohesion  takes  place.  Dr.  Knight  defines  repulsion  to  be 
that  cause  which  makes  bodies  mutually  endeavour  to  recede 
from  each  other,  with  different  forces  at  diflferent  times; 
and  that  such  a  cause  exists  in  nature,  he  thinks  evident  for 
the  following  reasons:  1.  Because  all  bodies  are  electrical, 
or  capable  of  being  made  so;  and  it  is  well  known  that  ehx- 
trical  bodies  both  attract  and  repel.  2.  Both  attraction  and 
repulsion  are  very  conspicuous  in  all  magnetical  bodies.  3. 
Sir  Isaac  Newton  has  snewn  from  experiments,  that  the  sur- 
faces of  two  convex  glasses  repel  each  other.  4.  The  same 
great  philosopher  has  explained  the  elasticity  of  the  air  by 
supposing  its  particles  mutually  to  repel  each  other.  5.  The 
particles  of  light  are,  in  part  at  least,  repelled  from  the  sur- 
faces of  all  bodies.  6.  Lastly,  it  seems  highly  probable  that 
the  particles  of  light  mutually  repel  each  other  as  well  as  the 
particles  of  air.  The  Doctor  ascribes  the  cause  of  repulsion, 
as  well  aB  that  of  attraction,  to  the  immediate  efiect  of  the 
will  of  God ;  and  as  attraction  and  repulsion  are  contraries, 
and  consequently  cannot  at  the  same  time  belong  to  the  same 
substance,  he  supposes  there  are  in  nature  two  kinds  of  mat* 
ter,  one  attracting,  the  other  repelling ;  and  that  those  par- 
ticles of  matter  which  repel  each  other,  are  subject  to  the 
general  law  of  attraction  in  respect  of  other  matter.  A  repel- 
lent matter  being  thus  supposed  equally  dispersed  through 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  bdt  whether,  on  his  hypothesis,  all  the 
particular  effects  of  repulsion  can  be  accounted  for,  time  and 
experience  alone  must  determine. 

in  the  instance  which  has  already  been  adduced  of  the  round 
drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed  not 
only  that  there  exists  an  attractive  force  between  the  particles 
of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
upon  which  they  are  suspended.  That  the  drops  are  not  in 
actual  contact  with  the  leaf,  i^  evident  from  their  rolling  ofif  in 


a  compact  body  with  the  greatest  ease ;  as  well  as  from  their 
white  or  pearly  appearance,  which  is  an  effect  of  the  copioui 
reflection  of  white  light  from  the  flattened  part  of  the  surface 
contiguous  to  the  plant,  and  could  not  take  place  unless  there 
was  a  real  interval  between  the  under  aide  ot  the  drop  and  ihs 
surface  of  the  leaf.  The  power  of  repulsion  will,  in  certain 
cases,  cause  metals  to  swim  in  fluids  much  lighter  than  ihem- 
selves.  A  fine  needle,  if  gently  laid  on  the  surf-.ice  of  water, 
will  swim,  and  may  be  drawn  off  again  by  a  magnet,  without 
having  in  reality  touched  the  fluid.  In  this'instatice,  the  needle 
is  not  heavy  enough  to  overcome  the  power  of  repulsion  be- 
tween itself  and  the  water,  the  attraction  of  cohesion  cannot 
therefore  operate,  and  though' as  much  heavier  than  its  own 
bulk  of  water  as  the  largest  piece  of  steel,  it  will  float  till  pres- 
sed down  by  a  greater  force  than  its  own  weight.  It  woultt 
appear  that,  from  the  same  cause,  flies  walk  upon  water,  am} 
Oil  refuses  to  mix  with  that  fluid.  Hence  the  feathers  of  wa- 
ter-fowl, which  are  covered  with  a  thin  coating  of  subtile  oil, 
actually  repel  the  surrounding  water. 

O/Motim.  \' 

Uo  definition  can  be  given  of  the  term  Motion  .which  willi-  | 
satisfy  the  casuist.  It  uxpresses  a  simple  idea,  and  cannoB  ' 
be  explained  by  words  more  simple  than  itself.  It  has  hee(^  i 
called  "  a  change  of  place,"  or  the  act  by  which  a  body  cor**  ' 
responds  with  different  parts  of  space  at  difterent  times;  but  ij'  | 
would  require  great  ingenuity  to  prove  that  these  deflnitionfl^  | 
amount  to  more  than  the  assertion  that  "  motion  is  motion." 
Perhaps  that  philosopher  ansxt'ered  the  question  of  "  what  iif 
motion?"  witn  as  much  perspicuity  at  least  as  any  othet^  I 
who  begun  to  walk,  and  observed  to  his  inquirer  that  "  tha{f  'J 
was  motion."  'J't 

It  is  by  motion  alone  that  we  know  the  existence  of  bodiet^i 
and  that  a  relation  is  established  between  them  and  our  sensed  I 
Nothing  can  be  produced  or  destroyed  without  motion,  and^  ] 
every  thing  that  happens  depends  upon  It. 

Space  being  nothing  but  an  absolute  and  Inflnite  void,  ' 
place  of  a  body  is  that  part  of  the  immense  void  which  it  takeiK 
up  or  possesses ;  and  this  place  may  be  considered  absolutely  oV 
in  itself,  in  which  case  it  is  called  the  absolute  place  of  tbt" 
body ;  or  else  with  regard  to  the  place  of  some  other  body,  aa^ 
then  it  is  called  the  relative  or  apparent  place  of  the  body, 
the  place  of  a  body  may  be  considered  absolutely  or  relativf 
BO  may  the  motion  of  a  body  be  distinguished  in  like  manner.'' 
All  motion  is  in  itself  absolute,  or  the  change  of  absolute  space  (• 
but  when  the  motions  of  bodies  are  considered  and  compar«4>  j 
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with  each  other,  then  are  they  Qsually  denominated  relative 
and  apparent  only:  they  are  relatiYe,  as  they  are  compared  to 
each  other;  and  they  are  apparent  only,  insomuch  that  not  their 
trueSr  absolute  motion,  but  the  sum  or  difference  of  the  mo- 
tions only  is  perceivable  to  us.  Hence  the  absolute  and  reki 
tive  motions  of  bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  velocity,  neither  of  them  will  appear  to  tbo 
other  to  move.  Hence  it  is,  that  though  the  earth  is  contimi- 
ally  revolving  about  its  axfs,  and  advancing  in  its  orbit,  yet,  at 
all  objects  on  its  surface  partake  of  the  same  common  malio&» 
they  appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  saVne  moment,  in  the  same  direc- 
tion, but  one  of  them  sails  only  three  miles  while  thf  other 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  vis. 
two  miles  per  hour,  vill  alone  be  perceptible  to  a  spectator  ia 
either  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities;  so  that  in  this 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other  in- 
stances it  fell  short  of  it.  The  reason  of  these  phenomena  of 
motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest  if  we  would  discern  at  once  the  true  or  real  mo* 
tions  of  bodies  about  us.  But  as  at  absolute  rest  we  can  never 
be,  from  the  motion  of  the  earth,  we  must  detect  the  real  and 
absolute  motions  of  bodies  in  general  by  means  of  observa- 
tions made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  stone,  or  the  flight  of  an  ar- 
row. But,  besides  this,  there  is  another  kind  of  relative  mo- 
tion, which,  though  not  so  obvious,  is  not  less  common  or 
important.  We  allude  to  the  motion  of  the  parts  of  bodies 
among  themselves,  which  though  sometimes  the  object  of 
our  senses,  yet,  in  other  cases,  we  require  the  aid  of  reflec- 
tion to  be  convinced  of  its  existence.  It  is  by  this  impercep- 
tible motion  that  plants  and  animals  grow,  and  by  which  the 
greatest  number  of  the  compositions  and  decompositions  of 
the  globe  take  place.  We  may  form  some  idea  of  this,~bv 
observing  the  continual  motion  of  the  light  particles  which 
sometimes  float  about  in  water,  when  it  is  held  in  the  rays 
of  the  sun ;  which  proves  that  the  parts  of  the  water  are  m 
constant  motion  among  themselves.  But  if  we  reflect  a  littls, 
we  shall  discover  that  the  particles  of  the  most  solid  sub- 
stances are  also  continually  changing  their  situations.  Heat 
ezfMUids  and  cold  contracts  the  size  of  all  bodies ;  and  as  we 
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know  from  experience,  that  the  temperature  of  bodies  is  con- 
stantly varying,  their  particles  must  consequently  be  in  con- 
tinual agitation,  in  order  to  adapt  themselves  to  the  ever- 
changing  size  of  the  body.  This  is  one  of  the  causes  of  per- 
petual motion  of  the  particles  of  matter;  but  there  are  no 
doubt  an  infinite  number  of  other  causes  which  escape  our 
observation,  and  which  we  are  perhaps  incapable  of  discover- 
ing. The  gradual  changes  that  take  place  in  all  bodies  during 
a  series  of  years,  sufficiently  prove  that  they  are  constantly 
acting  on  each  other;  and  from  a  view  of  all  that  we  know  on 
this  subject,  we  are  compelled  to  conclude  that  no  particle  of 
matter  is  in  a  state  of  absolute  rest. 

In  considering  motion,  the  several  circumstances  attending 
the  communication  of  it  from  one  body  to  another  may  be 
classed  as  follows : 

1.  The  force  which  impresses  the  motion. 

2.  The  quantity  of  matter  in  the  moving  body. 

3.  The  velocity  and  direction  of  the  motion. 

4.  The  space  passed  over  by  the  moving  body. 

5.  The  time  employed*in  going  over  this  space. 

6.  The  force  with  which  the  moving  body  strikes  another 
which  is  opposed  to  it. 

In  a  mecnanical  sense,  the  inertia  of  every  body  causes  it  to 
resist  all  chanee  of  state.  If  at  rest,  it  will  not  begin  to  move 
of  itself;  and  if  motion  is  communicated  to  it  by  another  body, 
it  will  continue  to  move  for  ever  uniformly,  except  it  be  stop- 
ped by  an  external  agent.  This  has  been  shewn  in  treating  of 
inertia.  The  causes  by  which  bodies  are  put  in  motion,  are 
called  motive  powers,  of  whi(A  the  following  are  those  gene- 
rally used  in  mechanics :  the  action  of  men  and  other  animals, 
wind,  water,  gravity,  the  pr.essure  of  the  atmosphere,  and  the 
elasticity  of  fluids  and  other  bodies. 

The  velocity  of  motion  is  estimated  t>v  the  time  employed 
in  moving  over  a  certain  space,  or  by  tne  space  moved  over 
in  a  certain  time.  The  less  the  time,  and  the  greater  the 
space  moved  over,  the  greater  of  course  is  the  velocity;  and, 
conversely;  the  greater  the  time,  and  the  less  the  space  moved 
over,  the  less  is  the  velocity.  As  no  motion  can  be  inMtnn- 
taneous,  every  body  in  motion  must  have  a  determinate  velo- 
city. T9  ascertain  the  derree  of  this  swiftness  or  velocity. 
ibe  space  run  over  must  be  divided  bj  the  time.  For  ex* 
ample,  suppose  a  body  moves  over  1000  yards  in  ten  minntes. 
its  velocity  is  100  yards  per  minute,  because  100  is  the  quo- 
tient of  1000  divided  by  10.  If  we  would  compare  the  velo- 
cities of  two  bodies  A  and  B,  of  which  A  moves  64  yards  in 
9  minutes,  and  B  96  yards  in  6  minutes,  the  velocity  of  A  will 
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be  to  that  of  B  in  the  propoi'tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  54  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  k^ow  the  space  run  over,  the  velocity  iiiVst  be  multi* 
plied  by  the  lime;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  tbe 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
tiroes  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal* times,  their  velocities  are  to  each  other  as 
the  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  s^imA 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  equal  spaces  in  unequal 
times,  then  their  respective  velocities  will  be  inversely  as  the 
time  employed;  that  is,  if  A  in  one  minute,  and  B  in  two  mi- 
nutes, run  over  one  hundred  yards,  the  velocity  of  A  will  be 
^to  that  of  B  as  two  to  one. 

A  bod^  in  motion  must  every  instant  tend  to  some  parti- 
cular point.  It  may  either  always  be  to  the  same  pointy  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directed, 
and  this  will  proauce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts;  as  the  mo- 
tion of  a  boat  which  a  man  dra#s  to  him  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AC.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  firom 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  the  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tub^ 
equal  to  AB  in  length,  in  which  a  ball,  A,  can  move  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the'tube  is  also  moving  uniformly  from  A  to  C, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremities 


MECHANICS.  388 

describing  the  lines  AC  to  BD.  The  ball  has  moved  from  A 
to  B  in  the  tube,  in  the  eame  time  that  the  tube  has  descended 
to  CD,  and  therefore  when  the  tube  coincides  with  the  line 
CD,  the  ball  will  be  at  the  extremity,  D,  of  that  line,  where 
it  has  arrived  in  the  same  time  that  it  would  have  taken  to 
describe  either 'side.  It  is  obvious  also,  that  the  ball  thus 
subjected  to  the  impulse  of  different  forces,  can  have  de- 
scribed no  other  line  than  the  diagonal  one;  for  by  assuming 
smaller  forces,  and  forming  the  parallelograms  A  ej'g.  A  U  i  k, 
Sic.  it  will  be  found  at  every  interval,  in  the  diagonal  of  the 
parallelogram.  The  motions  along  AB,  AC,  may  he  called 
the  Bimp!e  or  constituent  motions;  the  motion  along  AD  is 
called  the  compound  or  resulting  motion.  Hence  if  we  know 
the  efl'ect  which  the  joint  action  of  two  forces  have  upon  ft 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  to 
find  that  of  the  other  :  for  suppose  AD  to  be  the  direction  and 
force  with  which  the  body  moves,  and  AB  to  be  one  of  the 
impelling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  and 
that  of  finding  two  or  more  forces  equivalent  to  one.  is  called^  J 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  follawin|; 
principle:  two  forces  acting  at  the  same  time  on  a  body,  id 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that'  part  of  their  force,  which,  on  account  of  their 
obliquity,  is  opposite  and  contrary,  but  by  what  remains  after 
the  opposite  forces  are  deducted. 

Instances  of  motion  produced  by  several  poweis  acting  at 
the  same  time  are  innumerable,  and  the  application  of  thia 
useful  principle,  by  which  they  are  governed,  is  therefore  very 
extensive.     A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.     A  kite,  acted  upon  by  the  wind  and  the  string;  iUq 
rain  and  snow  that  full  more  or  less  obliquely  according  to' 
the  action  of  the  wind  ;  are  other  instances  not  less  familiar.    ' 
A  fish,  by   striking  the  water  with   its  tail,  advances  for- 
ward   in   a   mean   direction    between    the    two    impulses. — lA  • 
jumping  out  of  a  carriage  in  motion,  accidents  frequently  . 
occur,  and  the  adventurer  falls  short  of  the  spot  he  aims  at^  i 
for  want  of  duly  considering,  or  not  knowing,  thnt  ihi;  lateral  { 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  thw   i 
swiftness  uf  the  carriage,  be  greater  than  if  he  sprung  from  s' 
state  of  rest. 

IVlotion  is  said  to  be  aeceleivttd  if  its  velocity  continually 
increases ;  and  it  is  said  to  be  uuij'oimit/  acceltrated,  if  its  velo- 
fity  increases  equally  iu  equal  times. 
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Motion  is  said  to  be  retarded,  if  its  Telocity  continually  de* 
creases ;  and  to  be  wniformly  retarded,  if  its  velocity  cfecrease 
equally  in  equal  times. 

If  a  body  be  put  in  motion  by  a  single  impulse,  and, 
moving  uniformly,  receive  a  new  impulse  in  the  same  direc- 
tion, its  v^lo^ity  will  be  augmented,  and  with*  that  augmenta^ 
tion  of  velocity  it  will  a^ain  proceed  uniformly.  But  ifat  each 
instant  of  its  motion  it  receives  a  new  impulse,  its  velocity 
will  be  continually  increasing ;  and  if  this  impulse  is  always 
equal,  and  acts  in  equal  times,  the  velocity  will  be  uniformly 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  jgiven  to  a  body, 
and  it  loses  equal  portions  of  that  velocity,  at  each  equal  in- 
stant, by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  will  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  accelerating  the  de- 
scent of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shewn  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  to  it 
again,  we  shall  endeavour  to  exhibit  it  to  the  eye  as  well  as 
the  understanding.  Let  the  perpendicular  line  AB,  of  the 
right-angled  triangle  ABC,  fig.  2,  pi.  I.  be  considered  as  ex- 

Sressing  the  time  which  a  body  takes  in  falling,  under  the  in- 
uence  of  gravity  or  any  accelerating  force,  am  the  base  line 
BC,  as  expressing  the  velocity  acquired  at  the  end  of  the  fall. 
The  time  expressed  by  the  line  Ab  is  divided  into  four  equal 
parts  or  moments,  A  r,  r  ^,  s  ^,  ^  B.  The  close  parallel  lines  in 
the  triangle  Ark,  repeated  at  equal  intervals,  and  from  the 
nature  of  the  triangle,  regularly  increasing  in  length  as  they 
recede  from  the  point  A,  denote  equal  accelerations  of  the 
velocity  from  the  instant  in  which  the  body  begins  to  fall. 
The  line  r  k,  therefore,  will  represent  the  velocity  acquired  by 
a  falling  body  in  the  first  moment  of  time ;  s  I,  the  velocity 
acquired  at  the  end  of  the  second  moment  of  time;  to,  the 
velocity  at  the  pnd  of  the  third  moment,  and  BG  the  velocity 
at  the  expiration  of  the  fourth  moment,  or  termination  of  the 
fall. 

The  body,  during  the  second  moment  of  time,  if  retaining 
only  the  velocity  r  k,  which  it  had  acquired  at  the  end  of  the 
first,  will  describe  the  square  surface  r  ksm;  for  this  surface  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  kg 
during  the  time  expressed  by  r  5;  as  the  area  of  the  triangle 
A  r  A*,  is  described  by  a  unifcrmly  increasing  velocity  during 
the  time  A  r.  But  the  area  of  the  square  is  manifestly  doable 
the  area  of  the  triangle  above  it;  whence  it  appears,  that  a 
.body  moving  on,  during  the  second  moment,  with  the  velocity 
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Bvquired  nt  the  end  of  the  first,  will  fall  twice  as  f^r  in  the 
second  miniient  as  in  the  first;  and  the  rule  deducihle  fron 
this  instance  will  universally  hold,  that  is,  the  velocity  s<m 
quired  at  the  end  of  any  given  time,  will  carry  the  body  ttvicQ', 
as  fur  in  the  same  time.  In  pursuing  the  illustration  of  the 
figure,  this  wil|-8till  further  appear. 

If  the  velocity  continue  to  increase  uniromily  during  the  ss- 
cond  moment,  then  the  space  will  be  aa  expressed  by  the  area 
I-  ilk,  and  will  be  equal  to  three  times  the  triangle  A  r  k. 

The  wh&k  space  described  by  the  body  in  the  two  first  mo- 
mehts  will  be  as  the  area  A  si,  which  is  four  times  greater  than 
that  rjf  A  rk:  rendering  it  apparent  that  the  space  descriheS 
by  a  body  in  its  full,  is  as  the  square  of  the  time  in  which  It  J 
fulls;   for  here  the  time  is  2,  (because  As  expresses  two  m*-'  1 
ments  of  the  descent,)  and  the  square  of  two  is  4. 

In  the  third  moment,  were  the  body  to  full  with  the  velocity 
s  I,  during  the  time  s  (,  the  space  described  will  be  as  the  recl- 
aii>;le  under  the  time  and  velocity,  that  is,  as  the  rectangular 
space  s  ^/ »,  on  which  rectanrjle  may  be  described  four  tri-.  j 
angles,  each  equal  to  A  rk;  but  as  the  velocity  is  still  tint-  [ 
formly  accelerated  by  the  continued  action  of  gravity,  the 
space  fallen  through  in  the  time  1 1,  or  third  moment,  wilt  be 
as  the  area  s  to  t, or  five  times  as  great  as  Ar  k. 

As  the  triangles  Ark,  A  » /,  A  t  o,  ABC,  are  all  similar ; 
us  A I  is  twice  as  much  as  A  r,  s  /will  be  twice  as  much  asi-A; 
and  as  A  s  expresses  the  time,  and  *  I  the  velocity,  where  the 
time  is  double  the  velocity  is  double.  This  rule  applies  to 
every  part  of  the  descent,  and  proves  that  the  velocity  is  as 
the  time. 

If  the  spaces  described  in  each  moment  be  considered  sepa- 
rately, the  space  in  the  first  moment  being  1,  the  space  in  the 
second  moment,  it  will  be  obvious  to  inspection,  is  3,  in  the 
third  5,  in  the  fourth  7,  the  difference  eacn  time  bein^  2. 

The  motion  of  u  body  ascending  from  B  to  A,  and  therefore 
uniformly  retarded  by  the  action  of  gravity,  may  be  illustrated 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of 
explanation;  thus  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base,  as  t  o,  s  /,  r  k,  will  shew  the  velocity  lost  at  the  heigbt^t 
which  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  to 
Falling  bodies,  is  that  whicli  they  would  acquire  if  they  passed 
through  a  space  where  there  was  no  air;  but  in  fact  the  resist- 
dnce  of  that  fluid  considenibly  diminishes  the  velocity  ncgnir- 
ed  in  falling,  even  when  the  body,  from  its  density,  is  of  a  kind 
least  iiH'ecled  by  its  uctioii.      A  Itaden  bullet  dropt  from  an 
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altitude  of  272  feet,  was  found  by  Dr.  Desaguliers  to  reach 
the  ground  in  four  seconds  and  a  half;  in  which  time,  from ' 
theory,  it  should  have  descended  through  325.6  feet,  which 
makes  a  difference  of  about  one-fifth  of  the  actual  descent 
between  the  experiment  and  the  theory. 

Tt  has  already  been  shewn,  that  if  two  forces  act  uniformly 
upon  a  body,  they  will  cause  it  to  move  in  a  straight  line;  but 
if  one  of  the  forces  is  not  uniform,  but  either  acceleratintr  or 
retarding,  the  moving  body  will  describe  a  curve.  A  bail  pro- 
jected from  a  cannon  would  always  proceed  in  a  right  line,  if 
it  were  acted  upon  by  no  force  except  the  impulse  it  received 
from  the  powder;  but  as  soon  as  it  leaves  the  mouth  of  the  can- 
non, gravity  acts  upon  it,  and  changes  its  direction.  The  biill, 
acted  upon  only  by  gravity  and  the  original  impulse,  would 
describe  a  peculiar  curve,  called  a  parabola;  but  as  the  resist- 
ance of  the  air  also  contributes  to  the  variation  of  the  line  de- 
scribed, and  this  resistance  differs  with  the  velocity  of  the  ball, 
its  path  is  not  exactly  determinable.  In  some  cases,  the  resist- 
ance amounts  to  more  than  twenty  times  the  weight  of  the 
ball ;  and  when  a  ball  moves  with  a  velocity  of  two  thousand 
feet  per  second,  the  amount  of  this  resistance  has  been  found 
to  be  one  hundred  times  its  weight.  Hence  the  parabolic 
theory  of  projectiles  is  inapplicable  to  practice.  Sir  Isaac 
Newton  has,  indeed,  shewn  tiiat  the  curve  described  by  a  pro- 
jectile approaches  more  nearly  to  an  hyperbola  thun  a  puni- 
Dola ;  and  that  the  resistance  to  the  body  is  not  proportional  tu 
the  velocity  itself,  but  to  the  square  of  the  velocity.  About  two 
hundred  years  ago,  philosophers  took  the  line  described  by  u 
body  projected  horizontally,  such  as  a  ball  out  of  a  gun,  while 
the  force  of  the  powder  greatly  exceeded  the  weight  of  the 
bullet,  to  be  a  rignt  line,  after  which  they  allowed  it  became 
a  curve.  Nicholas  Tartaglia  was  the  first  who  maintained  that 
its  path  was  a  curve  through  the  whole  o^  its  extent;  but  it 
was  Galileo  who  determined  the  curve  to  be  a  parabola  in  a 
non-resisting  medium. 

The  force  with  which  a  body  moves,  or  which  it  would  exert 
upon  another  body  opposed  to  it,  (force  being  constantly  mea- 
'  sured  by  its  effects,)  is  always  in  proportion  to  its  velocity 
multiplied  by  its  weight  or  quantity  of  matter.  This  force  is 
called  the  momentum  of  the  body.  If  two  equal  bodies  more 
with  different  velocities,  their  forces  or  momenta  are  as  their 
velocities ;  and  if  two  bodies  move  with  the  same  velocitr* 
their  momenta  are  as  their  quantities  of  matter ;  therefore,  m 
all  cases,  their  momenta  must  be  as  the  products  of  their 

! quantities  of  matter  and  their  velocities.     This  rule  is  the 
oundation  of  mechanw^s. 


acquired  tit  the  end  of  the  first,  will  fall  twice  as  fur  in  the  j 
Becciiid  moment  as  in  the  first;  and  the  rule  deducible  from  J 
this  instance  will  universally  hold,  that  is,  the  velocity  ao-J 
quired  at  the  end  of  any  given  time,  will  carry  the  body  twicej 
us  fir  111  ilic  same  time.  In  pursuing  the  illustration  of  thv^ 
figure,  this  willetill  further  appear. 

"    If  the  velocity  continue  to  increase  uniformly  during  the  s 
cuud  moment,  then  the  space  will  be  as  expressed  by  the  are*.  J 
)■  s  /  k,  and  will  be  equal  to  three  times  the  triangle  Ark. 

The  w/iHe  space  described  by  the  body  in  the  two  first  mo-^'] 
meiits  will  be  as  the  area  As^,  which  is  four  times  greater  ihao, 
that  of  A  r  k;  rendering  it  apparent  that  the  space  descrlbea 
by  II  body  in  its  full,  is  as  the  square  of  the  time  in  which  it!'! 
fullb  i  fur  here  the  time  is  2,  (because  A  s  expresses  two  m0r~/ 
ments  of  the  descent,)  and  the  square  of  two  is  4. 

In  the  third  moment,  were  the  body  to  fall  with  the  velocity,  1 
s  i,  during  the  time  s  t,  the  space  described  wilt  be  as  the  recfr-,  f 
angle  under  the  time  and  velocity,  that  is,  as  the  rectangular  '{ 
space  s/f  A,  on  which  rectan'^le  may  be  described  four  tti^  J 
angles,  each  equal  to  A  r  k;  but  as  the  velocity  is  still  uni-  / 
formly  accelerated  by  the  continued  action  of  gravity,  tlMl 
space  fallen  through  in  the  time  »  (,  or  third  moment,  will  be'  f 
as  the  area  itol, or  five  limes  as  great  as  A  r  A.  ^ 

As  the  triangles  Ark,  A  s  I,  A  I  o,  ABC,  are  all  similar  j 
as  A  s  is  twice  as  much  as  A  r,  i  /  will  be  twice  as  much  as  r  A;,.] 
and  as  A  s  expresses  the  time,  and  i  I  the  velocity,  where  thb  I 
time  is  double  the  velocity  la  double.     This  rule  applies  to  ] 
every  part  of  the  descent,  and  proves  that  the  velocity  is  I 
the  time. 

If  the  spaces  described  in  each  moment  be  considered  sepi-  1 
rately,  the  space  in  the  first  moment  being  1,  the  space  in  thia  i 
second  moment,  it  will  be  obvious  to  inspection,  is  3,  in  th*  ] 
third  3,  in  the  fourth  7,  the  difference  each  time  being  2. 

The  motion  of  a  body  ascending  from  B  to  A,  and  therefoiQ  1 
uniformly  retarded  by  the  action  of  gravity,  may  be  illustrate  1 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of  ] 
explanation;  tiius  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base,  as  ( o,  s  /,  r  ft,  will  shew  the  velocity  lost  at  the  height  ^t 
which  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  to 
falling  bodies,  is  that  which  they  would  ncquire  if  they  passed 
through  a  spiice  where  there  was  no  air;  but  in  fact  the  resist- 
ance of  that  fluid  considembiy  diminishes  the  velocity  ncquir- 
ed  in  falling,  even  when  the  body,  from  its  density,  is  of  a  Kind  1 
least  alfeoled  by   Its  ucEion.      A  Itaden  bullet  dropt  from  at)  J 
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Propertiet  of  matter. — ^Attraction  of  grmTitrtioii. 


The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  m  the  latitude  of 
London ;  and  for  other  times  either  greater  or  less  than  that, 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  were 

fdaced  at  ever  so  great  a  distance  from  one  another,  and  theik 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  the 
universe  to  afiect  them,  they  would  fall  equally  swift  toward* 
one  another,  with  a  velocity  continually  accelerated,  and  would 
meet  in  a  point  which  was  at  first  exactly  half  way  between 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter,  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  thev  would  fall  towards  one  another,  with  rele- 
cities  which  would  be  in  an  inverse  })roportion  to  their  respee- 
tive  quantities  of  matter;  moving  as  in  the  former  case  with  an 
accelerated  motion,  thev  would  meet  in  a  point  as  much  nearer 
to  the  place  from  which  the  heavier  body  began  to  fall,  than 
to  the  place  from  which  the  lighter  began  to  rail,  as  the  quan- 
tity of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity^  should  accelerate  the  descent  of  falling  bodies, 
is  an  efiect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carry  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  efiect  in  the  first  minute,  and  therefore,  at 
the  expiration  of  two  minutes,  the  body  will  have  descended 
through  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  &c.  and  conseqjiently 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of  the  last 
acquired  velocities;  for  the  continued  addition  of  the  odd 
mimbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  3, 
the  next  number,  added  to  1,  makes  4,  which  is  the  square  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  and  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
1,  2,  3,  4,  &c.  and  the  spaces  described  as  1,3,  5, 7,  &c.  it  fol- 
lows that  the  spaces  described 

In  1  minute  will  be  .  •  • 1,        which  is  the  square  of  1 

In  2  minutes  will  be.. ......1+3=4,  —  —  2 

In  3  minutes  will  be 1+3+5=9,  —  —  3 

In  4  minutes  will  be  1+3+5+7=16,  —  —  4 
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ll^Hence  it  i&  apparent  that  the  spnce^  drscrlbed  in  diHereiit 
fUm  by  a  fulVing  body,  are  to  eacli  olhtr  as  the  squares  of  ihtt 
Dies  Irom  titc  begiuiiitig  of  tlte  ilesceni,  or,  which  protlaeee 
e  snme  result,  they  are  as  the  squares  of  Uie  vtlocilies  ac- 
J  lit  the  ends  of  those  tirneH. 

I-  inoiifjii  of  a  ftiliing  body  being  uniformly  accelerated 
ivvily.  the  snme  cause  uniformly  retards  the  motion  of  ii 
^ly  tliroivn  directly  upwards.  A  body  projected  perperidieu-' 
l^ly,  with  a  velocity  equal  to  ihat  which  it  would  hare  ac- 
tired  by  falling  from  any  heiglit.  will  ascend  to  the  snme 
nht  before  itToaes  all  its  velocity. 

Gruvilj/  and  weight,  it  ought  to  be  understood,  are  not  in- 
hungeable  terms.  Gravity  ia  a  power  of  which  weight  ia 
ifl't^ct.  Gravity  has  a  coiistout  teudency  to  impress,  on 
y  paitietc  of  bodies,  a  certain  velocity,  which  would 
le  tlieui  to  fall  if  they  were  not  supported;  weight  is  the 
iiibtau(;e  necessary  to  destroy  this  velocity,  or  produce  this 
iporl. 

Yheii  the  many  and  wonderful  discoveries  which  signalize 
^nl  age  are  considered,  it  seems  presumptuous  to  mark 
^e  boundaries  of  success  to  human  inquiry ;  but  we  may  very 
^ely  assert,  that  no  researches  have  ever  yet  been  made,  which 
table  us  to  discover,  in  the  essential  properties  of  matter,  the 
se  of  gravity.  Of  the  existence  of  such  a  power,  we  are 
tinually  surrounded  by  the  most  indubitable  proofs;  and 
t  its  influence  extends  over  and  governs  the  solar  system, 
if  the  solar  system,  the  whole  material  universe,  there 
riis  as  little  reason  to  deny.  Sir  Isaac  Newton  has  conjec- 
red  that  matter  is  composed  of  indivisible,  perfectly  solid 
birticles  or  atoms,  a  theory  that  has  been  explained  in  the 
'  part  of  this  subject;  but  if  the  ultimate  particles  of 
■  be  perfectly  solid,  ihcy  cannot  be  pervaded;  if  they  be 
Kapable  of  wearing  or  separation,  they  can  throw  nothing 
~  lid  if  no  single  atom  can  receive  or  part  with  any  thing, 
ibw  can  it  act  at  all  distances  upon  erery  other  portion  of 
mtter  in  the  universe?  or  bow  can  any  aggregation  of  atoms 
s  a  power  incompatible  with  the  nature  of  its  component 
Such  is  a  slight  view  of  the  ai^unient  on  this  subject; 
s  not  our  object  to  involve  the  reader  in  the  mazes  of  useless 
theories,  though  we  may,  for  his  amusement,  and  the  exercise 
of  his  judgment,  occasionally  glance  «t  them  and  pass  ou. 
In  various  branches  of  knowledge,  we  discover  abundant 
proofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effects  spring  from  tlie  inherent  proper- 
ties, the  properties  originally  impressed  upon  things  by  the 
Creator  j_D at  ia  the  absence  of  the  secondary  cause  of  gravity. 
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Ptoperflci  of  natter. — ^RepoliioB. 


or  until  we  can  prore  it  to  be  dependent  upon  the  essential 
properties  of  matter,  gravity  should  be  considered  as  a  term 
expressing  merely  a  fact  or  phenomenon;  and  it  is  wise  to 
refer  the  cause  of  it  at  once  to  the  Final  Cause  of  all  things, 
and  to  regard  it  as  the  ''Finger  of  God,  the  constant  impres- 
sion of  Divine  power." 

Repulsion  is  the  last  property  of  matter  which  we  have 
enumerated.  A  variety  of  considerations  induce  philosophers 
to  admit  thfit  there  is  a  sphere  of  repulsion  whicn  extends  to 
a  small  distance  round  bodies,  and  prevents  them  from  coming 
into  actual  contact  with  each  otner,  except  some  force  is 
•exerted  to  overcome  this  resistance,  and  then  the  attraction 
of  cohesion  takes  place.  Dr.  Knight  defines  repulsion  to  be 
that  cause  which  makes  bodies  mutually  endeavour  to  recede 
from  each  other,  with  different  forces  at  diflferent  times; 
and  that  such  a  cause  exists  in  nature,  he  thinks  evident  for 
the  following  reasons :  1.  Because  all  bodies  are  electrical, 
or  capable  of  being  made  so;  and  it  is  well  known  that  elec- 
trical bodies  both  attract  and  repel.  2.  Both  attraction  and 
repulsion  are  very  conspicuous  in  all  magnetical  bodies.  3. 
Sir  Isaac  Newton  has  snewn  from  experiments,  that  the  sur- 
faces of  two  convex  glasses  repel  each  other.  4.  The  same 
great  philosopher  has  explained  the  elasticity  of  the  air  by 
supposing  its  particles  mutually  to  repel  each  other.  5.  The 
particles  of  light  are,  in  part  at  least,  repelled  from  the  sur- 
faces of  all  bodies.  6.  Lastly,  it  seems  highly  probable  that 
the  particles  of  light  mutually  repel  each  other  as  well  as  the 
particles  of  air.  The  Doctor  ascribes  the  cause  of  repulsion, 
as  well  acB  that  of  attraction,  to  the  immediate  effect  of  the 
will  of  God ;  and  as  attraction  and  repulsion  are  contraries, 
and  consequently  cannot  at  the  same  time  belong  to  the  same 
substance,  he  supposes  there  are  in  nature  two  kinds  of  mat* 
ter,  one  attracting,  the  other  repelling ;  and  that  those  par- 
ticles of  matter  which  repel  each  other,  are  subject  to  the 
general  law  of  attraction  in  respect  of  other  matter.  A  repel- 
lent matter  being  thus  supposed  equally  dispersed  through 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  bdt  whether,  on  his  hypothesis,  all  the 
particular  effects  of  repulsion  can  be  accounted  for,  time  and 
experience  alone  must  determine. 

In  the  instance  which  has  already  been  adduced  of  the  round 
drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed  not 
only  that  there  exists  an  attractive  force  between  the  particles 
of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
upon  which  they  are  suspended.  That  the  drops  are  not  in 
actual  contact  with  the  leaf,  i^  evident  from  their  rolling  ofif  in 
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a  compact  body  with  the  greatest  ease ;  as  well  as  from  their 
white  or  pearly  appearance,  which  is  an  effect  of  the  copious 
reflection  of  white  light  from  the  flattened  part  of  the  surface 
contiguous  to  the  plant,  and  could  not  take  place  unless  there 
was  a  real  interval  between  the  under  side  ot  the  drop  and  the 
surface  of  the  leaf.  The  power  of  repulsion  will,  in  certain 
cases,  cause  metals  to  swim  in  fluids  much  ligliterthan  them- 
selves. A  fine  needie,  if  gently  laid  on  the  nurface  of  waler, 
will  swim,  and  may  be  drawn  otT  again  by  a  magnet,  without 
having  in  reality  touched  the  fluid.  T.n  this  instance,  the.-  needle 
is  not  heavy  enough  to  overcome  the  power  of  repulsion  be- 
tween itself  and  the  water,  the  attraction  of  cohesion  cannot  < 
therefore  operate,  and  though' as  much  heavier  than  its  own 
bulk  of  water  as  the  largest  piece  of  steel,  it  will  float  till  pres- 
sed down  by  a  greater  force  than  its  own  weight.  It  would 
appear  that,  from  the  same  cause,  fliei  walk  upon  water,  an^ 
oil  refuses  to  mix  with  that  fluid.  Hence  the  feathers  of  wa- 
ter-fowl, which  are  covered  with  a  thin  coating  of  subtile  oil. 
tally  repel  the  surroundin<;  water. 

Of  Motion, 
'o  deflnttion  can  be  given  of  the  term  Motion  .which  wi)^ 
satisfy  the   casuist.     It  expresses  a  simple   idea,  and    cannot 
be  explained  by  words  more  simple  than  itself.     It  has  been' 
called  "  a  change  of  place,"  or  the  act  by  which  a  body  cor-* 
responds  with  different  parts  of  space  at  difl'erent  times;  hut  it    . 
would  rei|iiire  great  ingenuity  to  prove  that  these  deflnitiont'    , 
amount  to  more  than   the  assertion   that  "  motion  is  motion." 
Perhaps  that  philosopher  ansitered  the  question  of  "  what  ia* 
motion?"   witli    as   much  perspicuity  at   least   as  any   other," 
who  began  to  walk,  and  observed  to  his   incjuirer  that  "  iha^ 
was  motion."  ' ' 

It  is  by  motion  alone  that  we  know  the  existence  of  bodie*,*  ' 
and  that  a  relation  is  established  between  them  and  our  sensed? 
Nothing  can  be  produced  or  destroyed  wilhout  motion,  and' 
every  thing  that  happens  depends  upon  it.  ' 

Space  being  nothing  but  an  absolute  and  infinite  void,  the' 
place  of  a  body  is  that  part  of  the  immense  void  which  it  takeoJ  i 
up  or  possesses;  and  this  place  may  be  considered  absolutely  oi''  J 
in  itself,  in  which  case  it  is  called  the  absolute  place  of  thfr*  ] 
body ;  or  else  with  regard  to  the  plwce  of  some  other  body,  antf 
then  it  is  called  the  relative  or  apparent  place  of  the  body.    Atf^ 
the  place  of  a  body  may  be  considered  absolutely  or  relatively,> 
BO  may  the  motion  of  a  body  be  distinguished  in  like  manner.' 
All  motion  is  in  itselfabsolute,  or  tlie  change  of  absolute  space; 
_but  when  the  motions  of  bodies  are  considered  and  compared' 
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Properties  of  matter. — Attraotioa  of  gravititipo. 


The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  m  the  latitude  of 
L<Hidon ;  and  for  other  times  either  greater  or  less  than  that, 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  wero 

1>laced  at  ever  so  great  a  distance  from  one  another,  and  that 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  iho 
universe  to  affect  them,  they  would  fall  equally  swift  towards 
one  another,  with  a  velocity  continually  accelerated,  and  wooU 
meet  in  a  point  which  waa  at  first  exactly  half  way  betweoi 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter^  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  they  would  fall  towards  one  another,  with  relo- 
cities  which  would  be  in  an  inverse  proportion  to  their  reaneo* 
tive  quantities  of  matter;  moving  as  in  the  former  case  witn  an 
accelerated  motion,  they  would  meet  in  a  point  as  much  nearer 
to  the  place  from  which  the  heavier  body  be^an  to  fall,  than 
to  the  place  from  which  the  lighter  began  to  rail,  as  the  quan- 
tity of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity  should  accelerate  the  descent  of  falling  bodies, 
is  an  effect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carry  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  effect  in  the  first  minute,  and  therefore,  at 
the  expiration  of  two  minutes,  the  body  will  have  descended 
through  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  &c.  and  consequently 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of  the  last 
acquired  velocities ;  for  the  continued  addition  of  the  odd 
numbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  S, 
the  next  number,  added  to  1,  makes  4,  which  is  the  square  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  and  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
1,  2,  3,  4,  &c.  and  the  spaces  described  as  1,  S,  5, 7,  &c.  it  fol- 
lows that  the  spaces  described 

In  1  minute  will  be 1,        which  is  the  square  of  1 

In  2  minutes  will  be 1+3=4,  —  —  2 

In  3  minutes  will  be....  1+3+5=9,  —  —  3 

In  4  minutes  will  be  1+3+6+7=16,  —  —  4 


DistiDciion  IwiHFFn  tniiiy  ■•d  niifli'. 

I^Hence  it  is  apparent  that  tiie  spnces  ilt-aurlbed  \n  difi'erenl 
s  by  a  lulHtig  body,  nre  to  each  aditir  as  th«  s<|uareB  of  tlie 
i  Iroui  tlic  beginning  of  the  descent,  or,  whU-li  proiluces 
ae  result,  they  are  as  the  squares  of  the  velocities  ac- 
ut  the  ends  of  those  tiineH. 
'iie  iiiotion  of  a  railing  body  being  uniformly  accelerated 
Lfiiivity.  the  same  cause  uniformly  retards  the  motion  of  n 
ptly  lliruwn  directly  upwards.    A  body  projected  perpendicu- 
i  K  velocity  eijunl  to  Ihnt  which  it  would  have  ac- 
ftircd  by  fiilling  from  any  height,  will  ascend  to  the  same 

aht  before  il  loses  nil  its  velocity. 
ravil^  »nd  weight,  it  ought  to  be  understood,  are  not  in- 
'  Lingenble  terms.     Gravity  is  u  power  of  which  weight  is 
li'tct.     Gravity   has  a  constant  tendency  to  impress,  on 
p'lrticle    of   bodies,   a   certain    velocity,  which    would 
Iticm  to  fall  if  they  were  not  supported;  weight  is  the 
istoiice  necessary  to  destroy  this  velocity,  or  produce  this 
iporl. 

Vhen  the  many  and  wonderful  discoveries  which  signalize 
me  present  age  are  considered,  it  seems  presumptuous  to  marlc 
tlie  boundaries  of  success  to  human  inquiry ;  but  we  may  very 
safely  assert,  that  no  researches  haveeveryetbeen  made,  which 
enable  iis  to  discover,  in  the  essential  properties  of  matter,  the 
cause  of  gravity.  Of  the  existence  of  such  a  power,  we  are 
continually  surrounded  by  the  most  indubitable  proofs;  and 
that  its  inlluence  extends  over  and  governs  the  solar  system, 
anil  if  the  solar  system,  the  whole  material  universe,  there 
seems  as  little  reason  to  deny.  Sir  Isaac  Newton  has  conjec- 
tured ihat  matter  is  composed  of  indivisible,  perfectly  solid 
particles  or  atoms,  a  theory  that  has  been  explained  in  the 
former  part  of  this  subject;  but  if  the  ultimate  particles  of 
matter  be  perfectly  solid,  they  cannot  be  pervaded  ;  if  they  be 
incapable  of  wearing  or  separation,  they  can  throw  nothing 
qS;  and  if  no  single  atom  can  receive  or  part  with  any  thing, 
how  cun  it  act  at  all  distances  upon  every  other  portion  of 
matter  in  the  universe?  or  how  can  any  aggregation  of  atoms 
possess  a  power  incompatible  w  ith  the  nature  of  its  component 
parts?  Such  is  a  slight  view  of  the  argument  on  this  subject; 
It  is  not  our  object  to  involve  the  reader  in  the  mazes  of  useless 
theories,  though  we  may.  for  his  amusement,  and  the  exercise 
of  his  judgment,  occasioually  glance  at  them  and  pass  on. 
In  various  branches  of  knowledge,  we  discover  abundant 
uoofs  that  the  effects  we  observe  are  produced  by  secondary 
.,  that  is,  these  effects  spring  from  the  inherent  proper- 
e  properties  originally  impressed  upon  things  by  the 
;  but  in  the  absence  of  the  secondary  cause  of  gravity, 
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The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  m  the  latitude  of 
L<Hidon ;  and  for  other  times  either  greater  or  less  than  tbaty 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  were 

{>laced  at  ever  so  great  a  distance  from  one  another,  and  that 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  iho 
universe  to  affect  them,  they  would  fall  equally  swift  towards 
one  another,  with  a  velocity  continually  accelerated,  and  wooU 
meet  in  a  point  which  waa  at  first  exactly  half  way  between 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter,  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  they  would  fall  towards  one  another,  with  relo- 
cities  which  would  be  in  an  inverse  |)roportion  to  their  respee* 
tive  quantities  of  matter;  moving  as  in  the  former  case  witn  an 
accelerated  motion,  they  would  meet  in  a  point  as  much  nearer 
to  the  place  from  which  the  heavier  body  be^an  to  fall,  than 
to  the  place  from  which  the  lighter  began  to  rail,  as  the  quan- 
tity of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity  should  accelerate  the  descent  of  falling  bodies, 
is  an  efiect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carry  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  effect  in  the  first  minute,  and  therefore,  at 
the  expiration  of  two  minutes,  the  body  will  have  descended 
through  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  &c.  and  consequently 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of  the  last 
acquired  velocities ;  for  the  continued  addition  of  the  odd 
numbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  3, 
the  next  number,  added  to  1,  makes  4,  which  is  the  square  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  ana  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
1,  2,  3,  4,  &c.  and  the  spaces  described  as  1,  S,  5, 7,  &c.  it  fol- 
lows that  the  spaces  described 

In  1  minute  will  be 1,        which  is  the  square  of  1 

In  2  minutes  will  be.. .....1+3=4,  —  —  2 

In  3  minutes  will  be....  1+3+6=9,  —  —  3 

In4minutes  will  be  1+3+6+7=16,  —  —  4 
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Hence  it  is  apparent  that  the  spnces  <lev-ribed  in  diH'ereni 
times  by  a  futKng  body,  nre  Lo  each  oilmr  as  the  sfjiiiires  i-l'  the 
Lime»  IVuDi  tlic  begiiiuiiig  of  the  dcsctiil,  ur,  which  (troiluccs 
the  same  result,  they  ure  ag  the  squares  of  l})e  velocilic!i  ac- 
quired at  ihe  ends  of  those  tiiiiCH. 

Tile  iiiotiun  of  a  falling  body  beiiij;  uiiil'ormly  accelerated 
by  giiU'ity.  the  ssune  cause  uniformly  retnrda  the  motion  of  n 
body  throtvn  directly  upwards.  A  body  projected  perpendicu- 
larly, with  a  velocity  equal  lo  (hut  which  it  would  have  ac- 
quired by  fulling  troi»  any  height,  will  ascertd  to  Ihe  same 
beijiht  before  it  loses  all  its  velouily, 

Gravity  and  weight,  it  ought  lo  be  understood,  are  not  in- 
tercliiingeable  terms.  Gravity  is  a  power  of  which  weight  is 
the  (.-ff'cct.  Gravity  has  a  constant  teudeucy  to  impreHs,  on 
evL-iy  particle  of  bodies,  a  certain  velocity,  which  would 
cause  Uiem  lo  fall  if  ihey  were  not  supported;  weight  is  the 
e  necessiiry  to  deslroy  this  velocity,  or  produce  this 

the  mauy  and  wonderful  discoveries  which  signalize 
the  present  age  are  considered,  it  seems  presumptuous  to  mark 
the  boundaries  of  guccees  to  human  inquiry ;  but  we  may  rery 
safely  assert,  that  no  researches  have  ever  yet  been  made,  which 
enable  us  to  discover,  in  the  essential  properties  of  matter,  the 
cause  of  gravity.  Of  the  existence  of  such  a  power,  we  are 
ouutinuaily  surrounded  by  the  most  indubitable  proofs ;  and 
that  ita  influence  extends  over  and  governs  the  solar  system, 
and  if  the  solar  system,  the  whole  material  universe,  there 
seems  as  little  reason  to  deny.  Sir  Isaac  Newton  has  conjec- 
tured that  matter  is  composed  of  indivisible,  perfectly  solid 
particles  or  atoms,  a  theory  that  has  been  explained  in  the 
former  part  of  this  subject;  but  if  the  ultimate  particles  of 
matter  be  perfectly  solid,  they  cannot  be  pervaded ;  if  they  be 
incapable  uf  wearing  or  separation,  they  can  throw  nothing 
olf;  and  if  no  single  ntom  can  receive  or  part  with  any  ihing, 
how  can  it  act  at  all  distances  upon  every  other  portion  of 
matter  in  the  universe?  or  how  can  any  aggregation  of  atoms 
possess  a  power  incompatible  with  the  nature  of  iU  component 
parts  1  Such  is  a  slight  view  of  the  argument  on  this  subject; 
it  is  not  our  object  to  involve  the  reader  in  the  mazes  of  aselesa 
theories,  though  we  may,  for  his  amusement,  and  the  exercise 
of  hia  judgment,  occaaioually  glance  at  them  and  pass  on. 
In  various  branches  of  knowledge,  we  discover  abundant 
proofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effects  spring  from  the  inherent  proper- 
ties, the  properties  originally  impressed  upon  things  by  the 
Orektor;  but  in  the  abseace  of  the  secondary  cause  of  gravity, 
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or  until  we  can  prore  it  to  be  dependent  upon  the  essential 
properties  of  matter,  gravity  should  be  considered  as  a  term 
expressing  merely  a  fact  or  phenomenon;  and  it  is  wise  to 
refer  the  cause  of  it  at  once  to  the  Final  Cause  of  all  things^ 
and  to  regard  it  as  the  ''Finger  of  God,  the  constant  impres*^ 
sion  of  Divine  power." 

Repuhion  is  the  last  property  of  matter  which  we  have 
enumerated.  A  variety  of  considerations  induce  philosopher! 
to  admit  thfit  there  is  a  sphere  of  repulsion  whicu  extends  to 
a  small  distance  round  bodies,  and  prevents  them  from  coming 
into  actual  contact  with  each  other,  except  some  force  is 
exerted  to  overcome  this  resistance,  and  then  the  attraction 
of  cohesion  takes  place.  Dr.  Knight  defines  repulsion  to  be 
that  cause  which  makes  bodies  mutually  endeavour  to  recede 
from  each  other,  with  different  forces  at  different  times; 
and  that  such  a  cause  exists  in  nature,  he  thinks  evident  for 
the  following  reasons :  1.  Because  all  bodies  are  electrical, 
or  capable  of  being  made  so;  and  it  is  well  known  that  elec- 
trical bodies  both  attract  and  repel.  2.  Both  attraction  and 
repulsion  are  very  conspicuous  m  all  magnetical  bodies.  3. 
Sir  Isaac  Newton  has  sfiewn  from  experiments,  that  the  sur- 
faces of  two  convex  glasses  repel  each  other.  4.  The  snme 
great  philosopher  has  explained  the  elasticity  of  the  air  by 
supposing  its  particles  mutually  to  repel  each  other.  5.  The 
particles  of  light  are,  in  part  at  least,  repelled  from  the  sur- 
faces of  all  bodies.  6.  Lastly,  it  seems  highly  proi)able  that 
the  particles  of  light  mutually  repel  each  other  as  well  as  the 
particles  of  air.  The  Doctor  ascribes  the  cause  of  repulsion, 
as  well  eCB  that  of  attraction,  to  the  immediate  effect  of  the 
will  of  God ;  and  as  attraction  and  repulsion  are  contraries, 
and  consequently  cannot  at  the  same  time  belong  to  the  same 
substance,  he  supposes  there  are  in  nature  two  kinds  of  mat* 
ter,  one  attracting,  the  other  repelling ;  and  that  those  par- 
ticles of  matter  which  repel  each  other,  are  subject  to  the 
general  law  of  attraction  in  respect  of  other  matter.  A  repel- 
lent matter  being  thus  supposed  equally  dispersed  through 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  bitt  whether,  on  his  hypothesis,  all  the 
particular  effects  of  repulsion  can  be  accounted  for,  time  and 
experience  alone  must  determine. 

in  the  instance  which  has  already  been  adduced  of  the  round 
drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed  not 
only  that  there  exists  an  attractive  force  between  the  particles 
of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
upon  which  they  are  suspended.  That  the  drops  are  not  in 
actual  contact  with  the  leaf,  if  evident  from  their  rolling  off  in 


a  compact  body  with  the  greatest  case ;  as  well  as  from  their 
white  or  pearly  appearance,  which  is  an  effect  of  the  copious 
reflection  of  while  light  from  the  flattened  part  of  tlie  surface 
contiguous  to  the  plant,  and  could  not  take  place  unless  therft 
was  a  real  interval  between  the  under  side  of  the  drop  and  thi 
surface  of  the  leaf.     The  power  of  repulsion  will,  in  certain 
cases,  cause  metals  to  swim  in  fluids  much  lighter  than  them- 
selves.    A  fine  needie,  if  gently  laid  on  the  surface  of  water, 
will  swim,  and  may  be  drawn  off  again  by  a  magnet,  without   , 
having  in  reality  touched  the  fluid,  ^n  this  Instance,  tlie  needU 
is  not  heavy  enough  to  overcome  the  power  of  repulsion  be- 
tween itself  and  the  water,  the  attraction  of  cohe_sion  canno( 
therefore  operate,  and  though*  as  much  heavier  than  its  own    ] 
bulk  of  water  as  the  largest  piece  of  steel,  it  will  float  till  prea^ 
eed  down  by  a  greater  force  than  its  own  weight.     It  wouM    i 
appear  that,  from  the  same  cause,  flies  walk  upon  water,  antf 
oil  refuses  to  mix  with  that  fluid.     Hence  the  feathers  of  wa-* 
ter-fowl,  which  are  covered  with  a  thin  coating  of  subtile  oil,    i 
i4^ually  repel  the  surrounding  water. 


Of  Motion. 


hich  wild 
cannn  * 


0  definition  can  be  given  of  the  term  Motioi 
satisfy  the  casuist.  It  expresses  a  simple  idea, 
be  explained  by  words  mure  simple  than  itself.  It  has  beetf 
called  "a  change  of  place,"  or  the  act  by  which  a  body  cor** 
responds  with  diflerent  parts  of  space  at  different  times;  but  Ifh 
would  leijuire  great  ingenuity  to  prove  that  these  definitionr^ 
amount  to  more  than  the  assertion  that  "  motion  is  motion, 
Perhaps  that  philosopher  ansiVered  the  question  of  "what : 
motion?"  witli  as  much  perspicuity  at  least  as  any  othfirj 
who  began  to  walk,  and  observed  to  his  inquirer  ihut  "  lha|l 
was  motion."  ■^. 

It  is  by  motion  alone  that  we  know  the  existence  of  bodiei 
and  lliat  a  relation  is  established  between  them  and  our  ^nsei 
Nothing  can  be  produced  or  destroyed  Without  motion,  an 
every  thing  that  happens  depends  upon  it. 

Space  being  nothing  but  an  absolule  and  infinite  void,  t 
place  of  a  body  is  that  part  of  the  immense  void  which  it  tak 
up  or  possesses;  and  this  place  may  be  considered  abt<o]utely 
in  itself,  in  which  case  it  is  called  the  absolute   place  of  t 
body ;  or  else  with  regard  to  the  place  of  some  other  body,  am 
then  it  is  called  the  relative  or  apparent  place  of  the  body.    Ai 
the  place  of  a  body  may  be  considered  ausolutely  orrelativelyj* 
so  may  the  motion  of  a  body  be  distinguished  in  like  manner.'' 
All  motion  is  in  itself  absolute,  or  the  change  of  absolute  space  (^ 
but  when  the  motions  of  bodies  are  considered  and  compared* 
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Power  of  levers  io  ctmibioatioii. — ^Tbe  baluoe. 


that  can  sustain  the  weight  by  the  help  of  each  lever,  when 
used  singly  and  apart  from  the  rest,  have  to  the  weight.  For 
instance,  if  the  power  which  can  sustain  the  weight  W  by 
the  help  of  the  lever  A,  be  to  the  weight  as  1  to  5 ;  and  if  the 

Eower  which  can  sustain  the  same  weight  by  the  lever  B  alone, 
e  to  the  weight  as  1  to  4 ;  and  if  the  power  which  could  sus- 
tain the  same  weight  by  the  lever  C,  be  to  the  weight  as  1  to 
5 ;  then  the  power  which  will  sustain  them  by  the  help  of  the 
three  levers  joined  together,  will  be  to  the  weight  in  a  pror 
portion  consisting  of  the  several  proportions  multiplied  to- 

fetherf  of  1  to  5,  1  to  4,  and  1  to  5;  that  is,  as  6x4x5,  or  of 
to  100.  For  since,  in  the  lever  A,  a  power  equal  to  one- 
fifth  of  the  weight  W,  pressing  down  the  lever  at  L,  is  suf- 
ficient to  balance  the  weight;  and  since  it  is  the  same  thing 
whether  that  power  be  applied  to  the  lever  A  at  L,  or  the 
lever  B  at  S,  the  point  S  bearing  on  the  point  L,  a  power 
equal  to  one-fifth  of  the  weight  W,  being  applied  to  the 
point  S  of  the  lever  B,  will  support  the  weight ;  out  one-fourth' 
of  the  same  power  being  applied  to  the  point  L  of  the  lever 
B,  and  pushing  the  same  upward,  will  as  effectually  depress 
the  point  S  of  the  same  lever,  as  if  the  whole  power  were 
applied  at  o ;  consequently  a  power  equal  to  one-fourth  of 
one-fifth,  that  is,  one-twentieth  of  the  weight  W,  being  applied 
to  the  point  L  of  the  lever  B,  and  pushing  up  the  same,  will 
support  the  weight.  In  like  manner,  it  matters  not  whether 
that  force  be  applied  to  the  point  L  of  the  lever  B,  or  to  the 
point  S  of  the  lever  C ;  since  if  S  be  raised,  L,  which  rests  on 
It,  must  also  be  raised ;  but  one-fifth  of  the  power  applied  at 
the  point  L  of  the  lever  C,  and  pressing  it  downwaras,  will  as 
effectually  raise  the  point  S  of  the  same  lever,  as  if  the  whole 
power  were  applied  at  S,  and  pushed  that  lever  up ;  conse- 
quently a  power  equal  to  one-fifth  of  one-twentieth,  that  is, 
one-hundredth  part  of  the  weight  W,  bein^  applied  to  the 
point  L  of  the  lever  C,  will  balance  the  weight  at  the  point  S 
of  the  lever  A.  This  method  of  combining  levers  is  frequently 
used  in  machines  and  instruments,  and  is  of  great  service, 
either  in  obtaining  a  greater  power,  or  applying  it  with  more 
convenience. 


Of  the  Balance. 

The  common  balance,  the  extensive  utility  of  which,  in  com.- 

{taring  the  weights  of  bodies,  is  so  well  known,  consists  of  a 
ever  of  the  first  kind,  the  arms  of  which  are  equal  in  length. 
The  points,  therefore,  from  which  the  weights  are  suspended^ 
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being  equally  distant  from  the  centre  of  motion,  will  move 
with  equal  velocity,  consequently,  if  equal  weights  be  applied, 
their  momenta  will  be  equal,  and  the  balance  remain  in  equi- 
librium. 

In  order  to  have  a  balance  as  perfect  as  possible,  it  is  ne- 
cessary to  attend  to  the  following  circumstances : 

1.  The  arms  of  the  beam  ought  to  be  exactly  equal  both  as 
to  weight  and  length,  and  should  at  the  same  time  be  as  long 
as  possible,  relatively  to  their  thickness,  and  the  weight  they 
are  intended  to  support;  because  the  further  the  points  of  sus- 
pension are  from  the  centre  of  motion,  the  more  the  iHomen- 
tum  of  the  weights  is  increased,  and  the  more  sensible  will  be 
the  instrument. 

2.  The  points  from  which  the  scales  are  suspended,  should 
be  in  a  right  line,  passing  through  the  centre  of  gravity  of  the 
beam ;  for  by  this  means  the  weights  will  act  directly  against 
each  other,  and  no  part  of  either  will  be  lost,  on  account  of 
any  oblique  direction. 

3.  If  the  fulcrum,  or  axis  of  motion,  passes  through  the 
centre  of  gravity  of  the  beam,  and  if  the  fulcrum  and  the 

Eoints  of  suspension  be  in  the  same  right  line,  the  balance  will 
ave  no  tendency  to  one  position  more  than  another;  but  will 
rest  in  any  position  it  may  be  placed  in,  whether  the  scales  be 
on  or  off,  empty  or  loaded,  provided  the  weight  in  each  scale 
be  the  same.  The  equality  of  two  weights  suspended  from  a 
beam,  where  the  centres  of  gravity  and  of  motion  are  thus  coin* 
cident,  bein^  shewn  by  their  quiescence,  and  not  by  any  par- 
ticular position,  such  a  beam  is  evidently  inapplicable  to  com- 
mon use,  for  which  but  one  position  ought  to  aenote  the  equa- 
lity of  the  weights;  and  for  that  one,  the  horizontal  position 
is  the  roost  convenient. 

If  the  centre  of  gravity  of  the  beam,  when  level,  be  imme- 
diately above  the  fulcrum,  it  will  overset  with  the  smallest  ac- 
tion ;  that  is,  th^e  end  which  is  the  lowest  will  descend  and 
not  rise  again,  and  it  will  descend  thus  with  more  swiftness, 
the  higher  the  centre  of  gravity,  and  the  less  the  points  of 
suspension  are  loaded.  Hence  such  a  beam  will  make  equal 
weights  appear  unequal.  If  the  centre  of  gravity  of  the  beam 
be  below  the  fulcrum,  the  beam  will  not  rest  in  any  position 
but  when  level ;  but  if  disturbed  from  that  position,  and  then 
left  at  liberty,  it  will  vibrate,  and  at  last  come  to  rest  on  the 
level.  In  a  balance,  therefore,  the  fulcrum  ought  always  to 
be  nlaced  a  little  above  the  centre  of  gravity.'  Its  vibrations 
will  be  quicker,  and  its  horizontal  tendency  stronger,  the  lower 
the  centre  of  gravity,  and  the  less  the  weight  upon  the  points 
of  suspension. 
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be  to  that  of  B  in  the  propoi^tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  64  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  kiiow  the  space  run  over,  the  velocity  nNst  be  multi- 
plied by  the  time;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  the 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal* times,  their  velocities  are  to  each  other  a8 
tne  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  s^me 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  equal  spaces  in  unequal 
times,  then  their  respective  velocities  will  be  inversely  as  the 
time  employed;  that  is,  if  A  in  one  minute,  and  B  in  two  mi- 
nutes, run  over  on^  hundred  yards,  the  velocity  of  A  will  be 
»to  that  of  B  as  two  to  one. 

A  body  in  motion  must  every  instant  tend  to  some  parti- 
cular point.  It  may  either  always  be  to  the  same  point,  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directed* 
and  this  will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts;  as  the  mo- 
tion of  a  boat  which  a  man  draWs  to  nim  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AC.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  from 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  the  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tube, 
equal  to  AB  in  length,  in  which  a  ball.  A,  can  move  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the'tube  is  also  moving  uniformly  from  A  to  C, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremitie* 


describing  the  lines  AC  to  BD.     The  ball  has  moved  from  A 
to  B  ill  the  tube,  in  the  same  time  that  the  tube  has  descended'  \ 
to  CD,  and  therefore  when  the  tube  coincides  with  the  Una 
CD,  the  ball  will  he  at  the  exlremity,  D,  of  that  line,  where 
it  has  avrived  in  the  same  time  that  it  would  have  taken  to 
describe  either 'side.     It  is  obvious  also,  that  the  ball  thiw  ' 
subjected   to  the  impulse  of  diiferent  forces,  can  have  de-  \ 
BCiibed  no  other  line  than  the  diagonal  one;  for  by  assuming  | 
■mailer  forces,  and  forming  the  parallelograms  A  e/g,  A  hlk,  | 
&c.  it  will  be  found  at  every  interval,  in  the  diagonal  of  tbs   . 
parallelogram.     The  motions  along  AB,  AC,  may  be  called'  , 
the  simple  or  constituent  motions;  the  motion  along  AD  l 
called  the  compound  or  resulting  motion.     Hence  if  we  know  ' 
tlie  effect  which  the  joint  action  of  two  forces  have  upon 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  16 
find  that  of  the  other :  for  suppose  AD  to  be  the  direction  and 
force  with  which  the  body  moves,  and  AB  to  be  one  of  the 
impelling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  and 
that  of  finding  two  or  more  forces  equivalent  to  one,  is  called 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle:  two  forces  acting  at  the  same  time  on  a  body,  in 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that  part  of  their  force,  which,  on  acconnt  of  their 
obliquity,  is  opposite  and  contrary,  but  by  what  remains  after 
the  opposite  forces  are  deducted. 

instances  of  motion  produced  by  several  powers  acting  at 
the  same  time  are  innumerable,  and  tlie  application  of  this 
useful  principle,  by  which  they  are  governed,  in  therefore  very 
extensive.  A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.  A  kite,  acted  upon  by  the  wind  and  the  string;  the 
rain  and  auow  that  fall  more  or  less  obliquely  according  to 
the  action  of  the  wind  ;  are  other  instances  not  less  familiar. 
A  fish,  by  striking  the  water  with  its  tail,  advances  for- 
ward in  a  mean  direction  between  the  two  impulses, — In 
jumping  out  of  a  carriage  in  motion,  accidents  frequently 
occur,  and  the  adventurer  falls  short  of  the  spot  he  aims  at, 
for  want  of  duly  considering,  or  not  knowing,  that  thu  lateral 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  the 
swiftness  ot  the  carriage,  be  grenler  than  if  he  sprung  from  a 
state  of  re»t. 

Motion  is  suid  to  be  acceleitiled  if  its  velocity  continually 
increases;  and  it  is  said  to  be  iinij'ormlif  accelerated,  if  its  velo- 
city increases  equally  in  equal  times. 
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Motion  is  said  to  be  retarded,  if  its  velocity  oontinaally  d^ 
creases ;  and  to  be  uniformly  retarded,  if  its  velocity  decreaae 
equally  in  equal  times. 

If  a  body  be  put  in  motion  by  a  single  impulse,  aad, 
moving  uniformly,  receive  a  new  impulse  in  the  same  direc^ 
taop,  its  vel(\pity  will  be  augmented,  and  with'  that  augmenta- 
tion of  velocity  it  will  again  proceed  uniformly.  But  if  at  eacli 
instant  of  its  motion  it  receives  a  new  impulse,  its  velocity 
will  be  continually  increasing ;  and  if  this  impulse  is  always 
equal,  and  acts  in  equal  times,  the  velocity  will  be  uniformij 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  given  to  a  oody, 
and  it  loses  equal  portions  of  that  velocity,  at  each  equal  in- 
stant, by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  will  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  accelerating  the  de* 
scent  of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shewn  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  to  it 
again,  we  shall  endeavour  to  exhioit  it  to  the  eye  as  well  as 
the  understanding.  Let  the  perpendicular  line  AB,  of  the 
right-angled  triangle  ABC,  fig.  2,  pi.  I.  be  considered  as  ex- 

Sressing  the  time  which  a  body  takes  in  falling,  under  the  in- 
uence  of  gravity  or  any  accelerating  force,  and  the  base  line  * 
BC,  as  expressing  the  velocity  acquired  at  the  end  of  the  fall. 
The  time  expressed  by  the  line  Ab  is  divided  into  four  equal 
parts  or  moments,  A  r,r^,st,tB.  The  close  parallel  lines  in 
the  triangle  Ark,  repeated  at  equal  intervals,  and  from  the 
nature  of  the  triangle,  regularly  increasing  in  length  as  they 
recede  from  the  point  A,  denote  equal  accelerations  of  the 
velocity  from  the  instant  in  which  the  body  begins  to  fall. 
The  line  r  k,  therefore,  will  represent  the  velocity  acquired  by 
a  falling  body  in  the  first  moment  of  time ;  s  I,  the  velocity 
acquired  at  the  end  of  the  second  moment  of  time;  to,  the 
velocity  at  the  end  of  the  third  moment,  and  BC  the  velocity 
at  the  expiration  of  the  fourth  moment,  or  termination  of  the 
fall. 

The  body,  during  the  second  moment  of  time,  if  retaining 
only  the  velocity  r  k,  which  it  had  acquired  at  the  end  of  the 
first,  will  descril>e  the  square  surface  rksm;  for  this  surface  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  A» 
during  the  time  expressed  by  r  s:  as  the  area  of  the  triangle 
A  r  k,  is  described  by  k  uniformly  increasing  velocity  during 
the  time  A  r.  But  tlie  area  of  the  square  is  manifestly  doable 
the  area  of  the  triangle  above  it;  whence  it  appears,  that  a 
.body  moving  on,  during  the  second  moment,  with  the  velocity 
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I  iiurquired  at  the  end  of  the  first,  uill  fall  twice  as  far  in  the 
FlMCond  moment  as  in  the  firstj  and  the  rule  deducible  from 
Tttiiis  instance  will  universally  hold,  that  is,  the  velocity  ac- 
■  Quired  at  the  end  of  any  given  time,  will  carry  the  body  twice 
Taa  far  in  the  same  time.  In  pursaing  the  illustration  of  the 
[  ifigure,  this  willstill  further  appear. 

*    If  the  velocity  continue  to  increase  uniformly  during  the  se- 
I  '^uud  moment,  then  the  space  wilt  be  as  expressed  by  the  area 
rslk,  and  will  be  equal  to  three  times  the  triangle  Ark. 

The  whSie  space  described  by  the  body  in  the  two  first  mo- 
ineiUs  will  be  as  the  area  As  I,  which  is  four  times  greater  than 
I  that  of  A  rk;  rendering  it  apparent  that  the  space  described 
J  by  a  body  in  its  fall,  is  as  the  square  of  the  time  in  which  it 
l.'^bllsi  for  here  the  time  is  3,  (because  As  expresses  two  mo- 
T  iDents  of  [he  descent,)  and  the  square  of  two  is  4. 

"  1  the  third  moment,  were  the  body  to  fall  with  the  velocity 
f  M-t,  during  the  time  s  t,  the  space  described  will  be  as  the  rect- 
e  under  the  time  and  velocity,  that  is,  as  the  rectangular 
I  space  g/f  N,  on  which  rectangle  may  be  described  four  tri- 
1,  each  equal  to  A  r  A;  but  as  the  velocity  is  still  uni- 
J  -formly  accelerated  by  the  continued  action  of  gravity,  the 
I  vpace  fallen  through  in  the  time  1 1,  or  third  moment,  will  be 
'  SB  the  area  itol.OT  five  times  as  great  as  Ark. 

the  triangles  Ark,  A  si,  Ato,  ABC,  are  uU  similar ; 
[  fts  Af  is  twice  as  much  as  A  r,  s  ^  will  be  twice  as  much  as  rk; 
and  Hs  A  s  expresses  the  time,  and  s  I  the  velocity,  where  the 
time  is  double  the  velocity  is  double.  This  rule  applies  to 
every  part  of  the  descent,  and  proves  that  the  velocity  is  as 
the  time. 

If  the  spaces  described  in  each  moment  be  considered  sepa- 
L  lately,  the  space  in  the  first  moment  being  1,  the  space  in  the 
I  tecond  moment,  it  will  be  obvious  to  inspection,  is  3,  in  the 
Ihird  5,  in  the  fourth  7,  the  difference  each  time  being  2. 

The  motion  of  a  body  ascending  from  B  to  A,  and  therefore 
uniformly  retarded  by  the  action  of  gravity,  may  be  illustrated 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of 
explanation;  thus  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base,  as  ( e,  s  /,  r  k,  will  shew  the  velocity  lost  at  the  height  ^t 
which  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  to 
ailing  bodies,  is  that  which  they  would  acquire  if  they  passed 
hrough  a  space  where  there  was  no  air;  but  in  fact  the  resist- 
mce  of  that  fluid  cousidembly  diminishes  the  velocity  acquir- 
'  '  ■>  falling,  even  when  tJie  body,  from  its  density,  is  of  a  kind 
t  affected  by  its  action.     A  leaden  bullet  dropt  from  an 
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with  each  other,  then  are  they  usually  denominated  relative 
and  apparent  only:  they  are  relative,  as  they  are  compared  to 
each  other;  and  tbey  are  apparent  only,  insomuch  that  not  their 
true^>r  absolute  motion,  but  the  sum  or  difference  of  the  no* 
tions  only  is  perceivable  to  us.  Hence  the  absolute  and  refa 
tive  motions  of  bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  velocity^  neither  of  them  will  appear  to  the 
other  to  move.  Hence  it  is,  that  though  the  earth  is  contimi- 
ally  revolving  about  its  axfs,  and  advancing  in  its  orbit,  yet,  M 
all  objects  on  its  surface  partake  of  the  same  common  motion, 
they  appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  saVne  moment,  in  tne  same  direc* 
tion,  but  one  of  them  sails  only  three  miles  while  th^  olbet 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  vis. 
two  miles  per  hour,  will  alone  be  perceptible  to  a  spectator  ia 
either  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities;  so  that  in  thia 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other  in- 
stances it  fell  short  of  it.  The  reason  of  these  phenomena  of 
motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest  if  we  would  discern  at  once  the  true  or  real  mo- 
tions of  bodies  about  us.  But  as  at  absolute  rest  we  can  never 
be,  from  the  motion  of  the  earth,  we  must  detect  the  real  and 
absolute  motions  of  bodies  in  general  by  means  of  observa- 
tions made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  stone,  or  the  flight  of  an  ar- 
row. But,  besides  this,  there  is  another  kind  of  relative  mo- 
tion, which,  though  not  so  obvious,  is  not  less  common  or 
important.  We  allude  to  the  motion  of  the  parts  of  bodies 
among  themselves,  which  though  sometimes  the  object  of 
our  senses,  yet,  in  other  cases,  we  require  the  aid  of  refleo 
tion  to  be  convinced  of  its  existence.  It  is  by  this  impercep- 
tible motion  that  plants  and  animals  grow,  and  by  which  the 
greatest  number  of  the  compositions  and  decompositions  of 
the  globe  take  place.  We  may  form  some  idea  of  this,~bv 
observing  the  continual  motion  of  the  light  particles  which 
sometimes  float  about  in  water,  when  it  is  held  in  the  raya 
of  the  sun ;  which  proves  that  the  parts  of  the  water  are  m 
constant  motion  among  tfiemselves.  But  if  we  reflect  a  littk, 
we  shall  discover  that  the  particles  of  the  most  solid  sub* 
stances  are  also  continually  chan^ng  their  situations.  Heat 
expatid«  and  cold  contracts  the  size  of  all  bodies ;  and  as  we 
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Accaraoj  obtaintd  in  eonstitictiDg  baluoet. — Steel- jard. 

part  of  the  weight,  the  balance  may  be  ivell  depended  on  to 
five  places  of  figures. — Whitehurst's  balance  weighs  one  penny- 
weight, and  is  sensibly  affected  with  ^i^j^^of  a  grain,  wliich  is 
^flffirP'^rt  of  the  weight. 

W.  Nicholson,  so  well  known  as  the  intelligent  author  of 
many  scientific  works,  observes,  that  he  has  a  balance  made 
expressly  for  him  by  a  skilful  artist  in  London.  With  1200 
s;rains  in  each  scale,  it  turns  with  one-seventieth  of  a  grain. 
This  isTj-^ijyj  of  the  whole;  and  therefore  about  this  weight 
may  be  known  to  five  places  of  figures.  The  proi)ortional 
delicacy  is  less  in  greater  weights.  The  beam  will  weigh 
nearly  one  pound  troy,  and  when  the  scales  are  empty,  it  is 
affected  by  ijfoo  of  a  grain.  On  the  whole,  it  may  be  usefully 
applied  to  determine  all  weights  between  100  and.  4000  grains 
to  four  places  of  figures. 

A  balance  in  the  possession  of  Dr.  George  Fordyce,  is  men- 
tioned in  the  Philosophical  Transactions,  vol.  75.  It  was  made 
by  Ramsden,  and  turns  upon  points  instead  of  ed^es.  With  a 
load  of  four  or  five  ounces,"^  difference  of  one  division  in  the  in- 
dex was  made  by  tAit  of  ^  grain.  This  is  TF^uiy  part  of  the 
weight,  and  consequently  this  beam  will  ascertain  such  weights 
to  five  places  of  figures,  besides  an  estimate  figure. 

The  lloyal  Society's  balance,  which  was  also  made  by  Rams- 
den,  turns  on  steel  edges,  upon  planes  of  polished  chrystal.  Ni- 
cholson, who  speaks  of  it  m  his  Chemical  Dictionary,  says  he 
was  assured,  that  it  ascertained  a  weight  to  the  seven-millionth 
part.  He  was  not  present  ajt  this  trial,  which  must  have  requir- 
ed great  care  and  patience,  as  the  points  of  suspension  could 
not  have  moved  over  much  more  than  one-fiftieth  of  an  inch  in 
the  first  half  minute  :  but  from  some  trials  which  he  saw,  he 
considered  it  probable,  that  it  might  be  used  in  general  prac- 
tice to  determine  weights  to  five  places  and  better. 

Tables  of  specific  gravities,  are  sometimes  carried  to  five,  six, 
and  even  seven  places  of  decimals ;  but  from  the  preceding 
account  of  balances  it  is  obvious,  that  experience  does  not  au- 
thorise the  practice;  and  that  deductions  founded  on  such  a 
supposed  accuracy  in  weighing,  arc  of  a  very  questionable 
nature.  In  general,  where  weights  are  given  to  five  places  of 
figures,  the  last  fieure  is  hypothetical ;  and  where  they  are 
carried  further^  we  have  reason  to  doubt  the  veracity  or  com- 
petence of  the  experimentist. 

0/  the  Steel-yard. 

The  stntera,  or  Roman  steel-yard,  is  a  lever  of  the  first  kind» 
%nd  is  used  for  finding  the  weights  of  different  bodies,  by  one 
•ingle  wcieht,  placed  at  different  distances  from  the  prop  or 
13.— \'oL.  1.  2  R 
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be  to  that  of  B  in  the  propoi^tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  54  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  k4iow  the  space  run  over,  the  velocity  nfkst  be  multi- 
plied by  the  time;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  he 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time  ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  the 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal  *times^  their  velocities  are  to  each  other  as 
tne  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  Sj^me 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  equal  spaces  in  unequal 
.  times,  then  their  respective  velocities  will  be  inversely  as  the 
time  employed;  that  is,  if  A  in  one  minute,  and  B  ia  two  mi- 
nutes, run  over  ont  hundred  yards,  the  velocity  of  A  will  be 
^to  that  of  B  as  two  to  one. 

A  body  in  motion  must  every  instant  tend  to  some  parti- 
cular point.  It  may  either  always  be  to  the  same  point,  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directed, 
and  this  will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts;  as  the  mo- 
tion of  a  boat  which  a  man  dra#s  to  him  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AG.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  fjrom 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  the  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tuba, 
equal  to  AB  in  length,  in  which  a  ball,  A,  can  move  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the' tube  is  also  moving  uniformly  from  A  to  C, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremitie* 


describing  the  lines  AC  to  BD.  The  ball  has  moved  from  A  j 
to  B  in  the  tube,  in  the  same  time  that  the  tube  has  descended  | 
to  CD,  and  thereTore  vshen  the  tube  coincides  with  the  lim 
CD,  the  ball  will  be  at  the  extremity,  D,  of  that  line,  where. I 
it  has  arrived  iu  Uie  same  time  that  it  would  have  taken  to  j 
describe  either 'side.  It  is  obvious  also,  that  the  ball  thw-l 
subjected  to  the  impulse  of  different  forces,  can  have  de^  | 
scribed  no  other  line  than  the  diagonal  one;  for  by  asGumiag,4 
smaller  forces,  and  fenning  tlie  parallelograms  A  ej'g,  A  h  i  ^,  J 
8(c.  it  will  be  found  at  every  interval,  in  the  diagonal  of  thct  I 
paralleioCT'am.  The  motions  alonj;  AB,  AC,  may  be  calle4ll 
the  simule  or  constituent  motions;  the  motion  along  AD  is  f 
called  the  compound  or  resulting  motion.  Hence  if  we  know  J 
the  efl'ect  which  the  Joint  action  of  two  forces  have  uponi 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  tfr  4 
find  that  of  the  other :  for  suppose  AD  to  be  the  direction  and  1 
force  with  which  the  body  moves,  and  AB  to  be  one  of  tiuaf 
impelling  forces,  then,  by  completing  the  parallelogram,  the  1 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  and, 
that  of  finding  two  or  more  forces  equivalent  to  one,  is  culled 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle:  two  forces  acting  at  the  same  time  on  a  body,  in 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that  part  of  their  force,  which,  on  acconnt  of  their 
obliquity,  is  opposite  and  contrary,  but  by  what  remains  after 
the  opposite  forces  are  deducted. 

Instnnces  of  motion  produced  by  several  powers  acting  at 
the  same  time  are  innumerable,  and  the  application  of  this 
useful  principle,  by  which  they  are  governed,  is  therefore  very 
extensive.  A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.  A  kite,  acted  upon  by  the  wind  and  the  string  i  the 
rain  and  snow  that  full  more  or  less  obliquely  according  to 
the  action  of  the  wind  ;  are  other  instances  not  less  fumiliBr. 
A  fish,  by  striking  the  water  with  its  tail,  advances  for- 
ward in  a  mean  direction  between  the  two  inipuUes. — In 
jumping  out  of  a  carriage  in  motion,  accidents  frequently 
occur,  and  the  adventurer  falls  short  of  the  spot  he  aims  at, 
for  want  of  duly  considering,  or  not  knowing,  that  tile  lateral 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  the 
swiftness  of  the  carnage,  be  greater  than  if  he  sprung  from  it 
Btate  of  rest. 

Motion  is  said  to  be  accelerated  if  its  velocity  continually 
increases ;  and  it  is  said  to  be  uiiifot'mijf  accelerated,  if  itii  velo- 
city increases  equally  in  equal  times. 
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Motion  is  said  to  be  retarded,  if  its  velocity  continaally  «b- 
creases ;  and  to  be  uniformly  retarded,  if  its  velocity  {decrease 
equally  in  equal  times. 

If  a  body  be  put  in  motion  by  a  single  impulse,  aad, 
moving  uniformly,  receive  a  new  impulse  in  the  same  diree-> 
tiop,  its  velqpity  will  be  augmented,  and  with'  that  augmeota* 
tion  of  velocity  it  will  again  proceed  uniformly.  But  if  at  eack 
instant  of  its  motion  it  receives  a  new  impulse,  its  velociij' 
will  be  continually  increasing ;  and  if  this  impulse  is  always 
equal,  and  acts  in  equal  times,  the  velocity  will  be  unifonaly 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  ^ven  to  a  body, 
and  it  loses  equal  portions  of  that  velocity,  at  each  equal  in* 
stant,  by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  vnll  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  accelerating  the  de* 
scent  of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shewn  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  to  it 
again,  we  shall  endeavour  to  exhibit  it  to  the  eye  as  well  as 
the  understanding.  Let  the  perpendicular  line  AB,  of  the 
right-angled  triangle  ABC,  fig.  2,  pi.  I.  be  considered  as  ex- 

Sressing  the  time  which  a  body  takes  in  failing,  under  the  in- 
uence  of  gravity  or  any  accelerating  force,  and  the  base  line  ' 
BC,  as  expressing  the  velocity  acquired  at  the  end  of  the  fall. 
The  time  expressed  by  the  line  AB  is  divided  into  four  equal 
parts  or  moments,  A  r,  r^,  tt^t'Q*  The  close  parallel  lines  in 
the  triangle  Ark,  repeated  at  equal  intervals,  and  from  the 
nature  of  the  triangle,  regularly  increasing  in  length  as  they 
recede  from  the  point  A,  denote  equal  accelerations  of  the 
velocity  from  the  instant  in  which  the  body  begins  to  fall. 
The  line  r  k,  therefore,  will  represent  the  velocity  acquired  by 
a  falling  body  in  the  first  moment  of  time ;  s  I,  the  velocity 
acquired  at  the  end  of  the  second  moment  of  time;  to,  the 
velocity  at  the  (;nd  of  the  third  moment,  and  BC  the  velocity 
at  the  expiration  of  the  fourth  moment,  or  termination  of  the 
fall. 

The  body,  during  the  second  moment  of  time,  if  retaining 
only  the  velocity  r  k,  which  it  had  acquired  at  the  end  of  the 
first,  will  describe  the  square  surface  rksm;  for  this  surface  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  k, 
during  the  time  expressed  by  r  5;  as  the  area  of  the  triangle 
A  r  k,  is  described  by  k  unifx)rraly  increasing  velocity  during 
the  time  A  r.  But  the  area  of  the  square  is  manifestly  double 
the  area  of  the  triangle  above  it;  whence  it  appears,  that  a 
.body  moving  on,  during  the  second  moment,  with  the  velocity 
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juired  nt  the  end  of  the  first,  will  fall  twice  as  far  in  tlie 
Koiid  moment  as  in  the  first ;  and  th«  rule  deducibte  from 
instance  will  universally  hold,  that  is,  the  lelocity  ac- 
ed  at  the  end  of  any  given  time,  will  carry  the  body  twice 
i  far  ill  the  same  time.     In  pursuing  the  illustration  of  the 

re,  this  will-still  further  appear. 
-  If  llie  velocity  continue  to  increase  uniformly  during  the  se- 
[)U(I  moment,  then  the  space  will  be  as  expressed  by  the  area 
a  Ik,  and  will  be  equal  to  three  times  the  triangle  Ark. 
'  The  U'/i6lc  space  described  by  the  body  in  the  two  first  mo- 
iits  will  be  as  the  area  As/,  which  is  four  times  greater  than 
A  rk;  rendering  it  apparent  that  the  space  described 
f  11  body  in  its  fall,  is  as  the  square  of  the  time  in  whicii   rt 
1  for  here  the  time  is  2,  (because  A  s  expresses  two  mo- 
lents  of  the  descent,)  and  the  square  of  two  is  4. 
In  the  third  moment,  were  the  body  to  fall  with  the  velocity 
9.1,  during  the  time  s  t,  the  space  described  wilt  be  as  the  rect- 
gjingle  under  the  time  and  velocity,  that  is,  as  the  rectangular 
_mce  s/(  H,  on  which  rectangle  may  be  described  four  tr'i- 
ngles,  each  equal  to  A  r  k;  but  as  the  velocity  is  still  uni- 
brmly  accelerated  by  the  continued  action  of  gravity,  the 
ipace  fallen  through  in  the  time  Si,  or  third  moment,  will  be 
the  area  il  o  t,or  five  times  as  great  as  A  r  A. 
As  the  triangles  Ark,  Ait,  At  o,  ABC,  are  all  similar ; 
I  is  twice  as  much  aa  A  r,  s  /  will  be  twice  as  much  as  r  k; 
md  as  A  s  expresses  the  time,  and  s  i  the  velocity,  where  the 
is  double  the  velocity  is  double.     This  rule  applies  to 
f  part  of  the  descent,  and  proves  that  the  velocity  is  as 
9ie  time. 

If  the  spaces  described  in  each  moment  be  considered  sepa- 
tmtely,  the  space  in  the  first  moment  being  1,  the  space  in  the 
:ond  moment,  it  will  be  obvious  to  inspection,  is  3,  in  the 
r^ird  5,  in  the  fourth  7,  the  difference  each  time  being  2. 

The  motion  of  a  body  ascending  from  B  to  A.  and  therefore 
uniformly  retarded  by  the  action  of  gravity,  may  be  illustrated 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of 
explanation;  thus  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base.  aato,sl,r  k,  will  shew  the  velocity  lost  at  the  height  ^t 
vhich  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  lo 
falling  bodies,  is  that  which  they  would  acquire  if  they  passed 
through  a  spnce  where  there  was  no  air;  but  in  fact  the  resist- 
ance of  that  fluid  considerably  diminishes  the  velocity  acquir- 
ed in  falling,  even  when  the  body,  from  its  density,  is  of  a  kind 
least  affected  by   its  uciion.      A  Ifatlen   bullet  dropt  from  an 
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The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  in  the  latitude  of 
London ;  and  for  other  times  either  greater  or  less  than  that, 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  were 

fklaced  at  ever  so  great  a  distance  from  one  another,  and  theft 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  the 
universe  to  affect  them,  they  would  fall  equally  swift  towards 
one  another,  with  a  velocity  continually  accelerated,  and  would 
meet  in  a  point  which  was  at  first  exactly  half  way  between 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter^  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  thev  would  fall  towards  one  another,  with  Telo- 
cities  which  would  be  in  an  inverse  proportion  to  their  respec- 
tive qnantities  of  matter;  moving  as  in  the  former  case  witn  an 
accelerated  motion^  thev  would  meet  in  a  point  as  much  nearer 
to  the  place  from  whicn  the  heavier  body  be^an  to  fall,  than 
to  the  place  from  which  the  lighter  began  to  rail,  as  the  qaan- 
tity  of  matter  in  the  former  exceeded  that  in  the  latter. 

ihat  gravity^  should  accelerate  the  descent  of  falling  bodies, 
is  an  efiect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carry  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  effect  in  the  first  minute,  and  therefore,  at 
the  expiration  of  two  minutes,  the  body  will  have  descended 
througn  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  8ic.  and  conse< 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of 
acquired  velocities;  for  the  continued  addition  of  the  odd 
numbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  S, 
the  next  number,  added  to  1,  makes  4,  which  is  the  square  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  ana  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
1,  2,  3,  4,  &c.  and  the  spaces  described  as  1,  S,  5, 7,  &c.  it  fol* 
lows  that  the  spaces  described 

In  1  minute  will  be 1,        which  is  the  square  of  1 

In  2  minutes  will  be 1+3=4,  —  —  2 

In  3  minutes  will  be....  1+3+6=9,  —  —  3 

In  4  minutes  will  be  1+3+6+7=16,  —  —  4 


^'Hfiiice  it  U  apparent  that  the  spaces  [Iti'scribed  iii  (liferent 
^es  by  a  falhng  body,  are  lt>  each  oilier  un  \hn  squares  nf  tbe 
Dies  lioiii  the  bey;inning  of  t!ie  desctill,  or,  whkb  pi'u<luces 
lie  result,  they  are  aa  the  MjuBres  of  tlie  velocities  ac- 
iit  tl)e  ends  of  those  times. 

inoliun   of  a  fulling  body  being  uniformly  accelerttted 

viiy,  the  snme  cause  uniformly  retards  the  motion  of  n 

ptly  llirown  directly  upwards.    A  body  projected  perpeiidicu- 

ly,  with  a  velocity  etjiial  to  that  which  it  would  have  ac- 

Ired  by  falling  from  any  height,  will  ascend  to  the  same 

,^,"ht  before  it  loses  all  its  velocity. 

Gravily  and  weight,  it  ought  to  be  understood,  are  not  in- 

■» changeable  terats.     Gravity  is  a  power  of  which  weight  is 

efl't^ct.     Gravity  has  a  constant  tendency  to  impress,  on 

y    [larticle    of   bodies,   a   certain    velocity,  which    would 

iiise  il)i.-in  to  fall  if  they  were  not  supported;  weight  is  the 

ce  necessary  to  destroy  this  velocity,  or  produce  thia 

I  the  many  and  wonderful  discoveries  which  signalize 
^e  jiresent  age  are  considered,  it  seems  presumptuous  to  mark 
we  boundaries  of  success  to  human  inquiry ;  bat  we  may  very 
hfely  assert,  that  no  researches  haveeveryetbeen  made,  which 
(able  us  to  discover,  in  the  essential  properties  of  matter,  the 
E  of  gravity.  Of  the  existence  of  such  a  power,  we  are 
inually  surrounded  by  the  most  indubitable  proofs;  and 
jbat  its  influence  extends  over  and  governs  the  Bolar  system, 
if  the  solar  system,  the  whole  material  universe,  there 
Feenis  as  little  reason  to  deny.  Sir  Isaac  Newton  has  conjee- 
pred  that  matter  is  composed  of  indivisible,  perfectly  Bolid 
nicies  or  atoms,  a  theory  that  has  been  explained  m  tlio 
r  part  of  this  subject;  but  if  the  ultimate  particles  of 
r  he  perfectly  solid,  they  cannot  be  pervaded  ;  if  they  be 
;a|)able  of  wearing  or  separation,  they  can  throw  nothing 
;  and  if  no  single  atom  can  receive  or  part  with  any  thing, 
v  can  it  act  at  all  distances  upon  every  other  portion  of 
I  natter  in  the  universe?  or  how  can  any  aggregation  of  atoms 
possess  a  power  incompatible  with  the  nature  of  its  component 
parts?  Such  is  a  alight  view  of  the  Argument  on  this  subject; 
it  is  not  OUT  object  to  involve  the  reader  in  the  mazes  of  useless 
theories,  though  we  may,  for  his  amusement,  and  the  exercise 
of  his  judgment,  occasionally  glance  at  them  and  pass  on. 
In  various  branches  of  knowledge,  we  discover  abundant 
proofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effects  spring  from  the  inherent  proper- 
ties, the  properties  originally  impressed  upon  things  by  the 
Creator;  but  in  the  absence  of  the  seeoodaiy  cause  of  gravity. 
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or  until  we  can  prove  it  to  be  dependent  upon  the  essential 
properties  of  matter,  gravity  should  be  considered  as  a  teiu 
expressing  merely  a  fact  or  phenomenon;  and  it  is  wise  to 
reter  the  cause  oi  it  at  once  to  the  Final  Cause  of  all  things, 
and  to  regard  it  as  the  ''Finger  of  God,  the  constant  impres- 
sion of  Divine  power." 

Repuhion  is  the  last  property  of  matter  which  we  have 
enumerated.  A  variety  of  considerations  induce  philosophers 
to  admit  thfit  there  is  a  sphere  of  repulsion  which  extends  to 
a  small  distance  round  bodies,  and  prevents  them  from  coming 
into  actual  contact  with  each  other,  except  some  force  ii 
exerted  to  overcome  this  resistance,  and  tht^a  the  attraction 
of  cohesion  takes  place.  Dr.  Knight  defines  repulsion  to  be 
that  cause  which  makes  bodies  mutually  endeavour  to  recede 
from  each  other,  with  different  forces  at  different  times; 
and  that  such  a  cause  exists  in  nature,  he  thinks  evident  for 
the  following  reasons:  1.  Because  all  bodies  are  electrical, 
or  capable  of  being  made  so;  and  it  is  well  known  that  elec- 
trical bodies  both  attract  and  repel.  2.  Both  attraction  and 
repulsion  are  very  conspicuous  m  all  magnetical  bodies.  3. 
Sir  Isaac  Newton  has  snewn  from  experiments,  that  the  sur- 
faces of  two  convex  glasses  repel  each  other.  4.  The  same 
great  philosopher  has  explained  the  elasticity  of  the  air  by 
supposing  its  particles  mutually  to  repel  each  other.  5.  The 
particles  of  light  are,  in  part  at  least,  repelled  from  the  sur- 
faces of  all  bodies.  6.  Lastly,  it  seems  highly  provable  that 
the  particles  of  light  mutually  repel  each  other  as  well  as  the 
particles  of  air.  The  Doctor  ascribes  the  cause  of  repulsion, 
as  well  as  that  of  attraction,  to  the  immediate  effect  of  the 
will  of  God ;  and  as  attraction  and  repulsion  are  contraries, 
and  consequently  cannot  at  the  same  time  belong  to  the  same 
substance,  he  supposes  there  are  in  nature  two  kinds  of  mat* 
ter,  one  attracting,  the  other  repelling ;  and  that  those  par- 
ticles of  matter  which  repel  each  other,  are  subject  to  the 
general  law  of  attraction  in  respect  of  other  matter.  A  repel- 
lent matter  being  thus  supposed  equally  dispersed  through 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  bitt  whether,  on  his  hypothesis,  all  the 
particular  effects  of  repulsion  can  be  accounted  for,  time  and 
experience  alone  must  determine. 

In  the  instance  which  has  already  been  adduced  of  the  round 
drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed  not 
only  that  there  exists  an  attractive  force  between  the  particles 
of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
upon  which  they  are  suspended.  That  the  drops  are  not  in 
actual  contact  with  iiie  leaf,  i^  evident  from  their  rolling  off  ib 
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a  compact  body  with  the  greatest  ease ;  as  well  as  from  their 
white  or  pearly  appearance,  which  is  an  effect  of  the  copious 
reflection  of  white  light  from  the  flattened  part  of  the  surface 
contiguous  to  the  plant,  and  could  not  take  place  unless  there 
was  a  real  interval  between  the  under  aide  of  the  drop  and  the 
surface  of  the  leaf.  The  power  of  repulsion  will,  in  ctirtain 
cases,  cause  metals  to  swim  in  fluids  much  lighter  ihan  them- 
selves, A  fine  needle,  if  gently  laid  on  the  Burface  of  water; 
will  swim,  and  may  be  drawn  off  again  by  a  magnet,  without 
having  in  reality  touched  the  fluid.  \a  this  instance,  the  needle 
is  not  heavy  enough  to  overcome  the  power  of  repulsion  be- 
tween itself  and  the  water,  the  attraction  of  cohesion  cannot 
therefore  operate,  and  though' as  much  heavier  than  its  own 
bulk  of  water  aa  the  largest  piece  of  steel,  it  will  float  till  pre»* 
sed  down  by  a  greater  force  than  its  own  weight.  It  would 
appear  that,  from  the  same  cause,  flie«  walk  upon  water,  and  , 
oil  refuses  to  mix  with  that  fluid.  Hence  the  feathers  of  wa- 
ter-fowl, which  are  covered  with  a  thin  coating  of  subtile  oil, 
iually  repel  the  surrounding  water. 

Of  Motion.  \' 

0  definilion  can  be  given  of  the  term  Motion  .which  will' 
satisfy  the  casuist.  It  expresses  a  simple  idea,  and  cannot 
be  explained  by  words  more  simple  than  itself.  It  has  been 
called  ■■  a  change  of  place."  or  the  act  by  which  a  body  cor- 
responds with  different  parts  of  space  at  different  times;  but  it 
would  require  great  ingenuity  to  prove  that  these  definitions 
amount  to  more  than  the  assertion  that  "motion  is  motion." 
Perhaps  that  philosopher  ans\tered  the  question  of  '■  what  is 
motion?"  with  as  much  perspicuity  at  least  aa  any  other, 
who  began  to  walk,  and  observed  to  his  inquirer  that  "  that 
was  motion." 

It  is  by  motion  alone  that  we  know  the  existence  of  hodiei. 
and  that  a  relation  is  established  between  them  and  our  senses. 
Nothing  can  be  produced  or  destroyed  WUhout  motion,  and 
every  tiling  that  happens  depends  upon  it. 

Space  being  nothing  but  an  absolute  and  infinite  void,  the 
place  of  a  body  is  that  part  of  the  immense  void  which  it  takes 
up  or  possesses;  and  this  place  may  be  considered  absolutely  or 
in  itself,  in  which  case  it  is  called  the  absolute  place  of  the 
body;  or  else  with  regard  to  the  place  of  some  other  body,  and 
then  it  is  called  the  relative  or  apparent  place  of  llie  body.  As 
the  place  of  a  body  may  be  considered  auaolutely  or  relulively, 
so  may  the  motion  of  a  body  be  distinguished  in  like  manner. 
All  motion  is  in  itselfabsolutc,  or  the  change  of  absolute  space; 
but  when  the  motions  of  bodies  are  considered  and  compared 
l2.~VoL.  I.  2  0 
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with  each  other,  then  are  they  usually  denoniinated  relative 
and  apparent  only:  they  are  relatire,  as  they  are  compared  to 
each  other;  and  they  are  apparent  only,  insomuch  that  not  their 
true^>r  ab&olute  motion,  but  the  sum  or  difference  of  the  mo* 
tions  only  is  perceivable  to  us.  Hence  the  absolute  and  refai 
tive  motions  of  bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  velocity,  neither  of  them  vrill  appear  to  tb« 
other  to  move.  Hence  it  is,  that  though  the  earth  is  conthra* 
ally  revolving  about  its  axfs,  and  advancing  in  its  orbit,  yet,  ma 
all  objects  on  its  surface  partake  of  the  same  common  motioft» 
they  appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  saVne  moment,  in  tne  same  direc- 
tion, but  one  of  them  sails  only  three  miles  while  th^  other 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  tis. 
two  miles  per  hour,  will  alone  be  perceptible  to  a  spectator  is 
either  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities;  so  that  in  this 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other  in- 
stances it  fell  short  of  it.  The  reason  of  these  phenomena  of 
motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest  if  we  would  discern  at  once  the  true  or  real  mo* 
tions  of  bodies  about  us.  But  as  at  absolute  rest  we  can  never 
be,  from  the  motion  of  the  earth,  we  must  detect  the  real  and 
absolute  motions  of  bodies  in  general  by  means  of  observa- 
tions made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  stone,  or  the  flight  of  an  ar* 
row.  But,  besides  this,  there  is  another  kind  of  relative  mo- 
tion, which,  though  not  so  obvious,  is  not  less  common  or 
important.  We  allude  to  the  motion  of  the  parts  of  bodies 
among  themselves^  which  though  sometimes  the  object  of 
our  senses,  yet,  in  other  cases,  we  require  the  aid  of  reflect 
tion  to  be  convinced  of  its  existence.  It  is  by  this  impercep- 
tible motion  that  plants  and  animals  grow,  and  by  which  the 
greatest  number  of  the  compositions  and  decompositions  of 
the  globe  take  place.  We  may  form  some  idea  of  this,-bv 
observing  the  continual  motion  of  the  light  particles  which 
sometimes  float  about  in  water»  when  it  is  held  in  the  rays 
of  the  sun ;  which  proves  that  the  parts  of  the  water  are  in 
c<Mistant  motion  among  themselves.  But  if  we  reflect  a  littte, 
we  shall  discover  that  the  particles  of  the  most  solid  sob- 
stances  are  also  continnally  changing  their  situations.  Heat 
ezpa&ds  and  cold  contracts  the  size  of  all  bodies ;  and  as  we 
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E,  fig.  II,  and  the  weight  to  the  axle.    Therefore  if  W  be  100 
lbs.  and  the  power,  P,  or  a  force  acting  at  E,  be  equal  to  lOlbs. 
■npnosing  the  diameter  of  the  wheel,  or  the  diameter  of  lbs  ^ 
circle  deBcribed  by  the  winch,  to  be  ten  times  greater  than  thC^l 
diameter  of  the  axle,  they  will  be  in  equilibrium,  and  a  smaR  J 
additiotml  force  will  cause  the  wheel  to  turn  with  its  axle,  aiu 
raise  the  weicht,  and  for  every  inch  which  the  weight  rise! 
the  power  will  fait  ten  inches 

When  the  wheel  and  axle  are  considered  as  a  perpetual  le 
rer,  the  fulcrum  ii  the  centre  of  the  axle,  the  longer  arm  v(\ 
the  radius  of  the  wheel,  and  the  shorter  arm  the  radius  of  OufM 
«xle.     From  this  again  it  ia  evident  that  the  longer  the  whe^/■^ 
and  the  smaller  the  axle,  the  stronger  is  the  power  of  the  mtr! 
chine;  but  then,  as  in  other  instances,  the  drawback  on  the 
power  gained  is  the  time  lost,  which  is  always  proportionate 
to  the  disparity  between  them. 

A  capstan  is  an  axle  or  cylinder  of  wood,  with  holea  iu  it,   ' 
in  which  levers  are  inserted,  to  turn  it  round  ;  those  ore  likei 
the  spokes  of  a  wheel  without  the  rim. 

Iu  tome  cases,  the  weight  is  not  connected  with  the  axle  br 
a  rope,  but  is  immediately  affixed  to  the  axle  itself.  A  bell, 
which  is  moved  in  ringing  by  a  wheel  and  axle,  is  an  example 
of  this:  here,  in  once  tummg  the  bell  round,  the  velocity 
of  the  bell  ia  as  the  circumfevcDCQ  described  by  its  centre  of 


power  is  nut  applied  to  the  wheel  by  means  of  a  rope,  nor 
does  it  tict  upon  any  handle  or  spokes,  but  by  a  man  walking 
within  Uie  wheel;  as  the  man  steps  forward,  thu  pnrt  upon 
which  ho  treads  becomes  the  heaviest  part  of  the  wheel,  and 
descends  till  it  is  the  lowest.  Thus  he  keeps  going  on,  and 
by  treading  upon  every  part  of  the  wheel's  circumference  in 
its  turn,  the  revolution  is  eflected.  This  mechnnicul  contriv- 
ance is  unwieldy,  from  the  necessity  of  employing  a  largo' 
wheel,  and  ila  power  insignificant,  because  the  man  cnn  ascend- 
so  little  from  the  bottom  of  ihe  wheel.  It  is  ahn  unsafe  fot. 
tite  man,  for  if  the  rope  suspending  the  weight  give  way,  or 
hia  feet  slip,  he  la  exposed  to  the  greatest  danger. 

In  considering  the  theory  of  the  wheel  and  axle,  the  rope  is 


auppoKi-cJ  111  have  on  sensible  thickni 


but  if  the  rope  Is 


^k,  i>r  if  there  is  ftaTcral  foliU  of  it  round  the  axle,  in  ob- 
ming  the  radius  of  the  axk-,  the  measorement  must  be  made 


liddJi-  oftht;  outside 


ejfot 


,  thai  the  die- 


it  of  tiLc  weight  is  ns  eB'mtuAlly  increased  by  the  coiling 

e  ru]tt  BA  by  aiijr  other  nneana. 

teeth  Mil  cut  in  iba  circMmrereilce  of  «  wheel,  sad  if 
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with  each  other,  then  are  they  usually  denoniiriated  relative 
afid  apparent  only :  they  are  relatire,  as  they  are  compared  to 
each  other;  and  they  are  apparent  only,  insomuch  that  not  their 
true^>r  absolute  motion,  but  the  sum  or  difference  of  the  mo* 
tions  only  is  perceivable  to  us.  Hence  the  absolute  and  rehi 
tive  motions  of  bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  velocity^  neither  of  them  will  appear  to  tb« 
other  to  move.  Hence  it  is,  that  though  the  earth  is  contimt- 
ally  revolving  about  its  axfs,  and  advancing  in  its  orbit,  yet,  mt 
all  objects  on  its  surface  partake  of  the  same  common  motion* 
they  appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  saVne  moment,  in  tne  same  direc- 
tion, but  one  of  them  sails  only  three  miles  while  th^  other 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  viz. 
two  miles  per  hour,  will  alone  be  perceptible  to  a  spectator  in 
either  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities;  so  that  in  this 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other  in- 
stances it  fell  short  of  it.  The  reason  of  these  phenomena  of 
motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest  if  we  would  discern  at  once  the  true  or  real  mo* 
tions  of  bodies  about  us.  But  as  at  absolute  rest  we  can  never 
be,  from  the  motion  of  the  earth,  we  must  detect  the  real  and 
absolute  motions  of  bodies  in  general  by  means  of  observa- 
tions made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  stone,  or  the  flight  of  an  ar- 
row. But,  besides  this,  there  is  another  kind  of  relative  mo- 
tion, which,  though  not  so  obvious,  is  not  less  common  or 
important.  We  allude  to  the  motion  of  the  parts  of  bodies 
among  themselves,  which  though  sometimes  the  object  of 
our  senses,  yet,  in  other  cases,  we  require  the  aid  of  refleo 
tion  to  be  convinced  of  its  existence.  It  is  by  this  impercep- 
tible motion  that  plants  and  animals  grow,  and  by  which  the 
greatest  number  of  the  compositions  and  decompositions  of 
the  globe  take  place.  We  may  form  some  idea  of  this,~bv 
observing  the  continual  motion  of  the  light  particles  which 
sometimes  float  about  in  water*  when  it  is  held  in  the  rays 
of  the  sun ;  which  proves  that  the  parts  of  the  water  are  m 
ccmstant  motion  among  themselves.  But  if  we  reflect  a  little* 
we  shall  discover  that  the  particles  of  the  most  solid  sob- 
stances  are  also  continually  changing  their  situations.  Heat 
ezpa&ds  and  cold  contracts  the  size  of  all  bodies ;  and  aa  we 


toothed  axle,  or  a  wheel  of  that  size  upon  a  Hmnll  axle.  For 
lake  of  Jistinction.  the  smull  wlitiil  E  is  culled  by  me- 
Aanica  n  pinion,  and  HODietiiue!>a/m/.  Us  teeth  are  nho  cnlled 
lu  large  machines,  trundks  are  frequently  aubslituted 
br  pinions  or  nuts,  being  of  easier  mnnufactura,  and  per- 
jbraiing  the  Biime  oflitie.  Thesu  tnitniles  arc  cylinders  or 
^indies,  {lurallel  to  each  other,  and  placed  circularly  in  two 
Slain  piecei  of  wood  at  the  top  and  bottom.  The  teeth  of  the 
jvheel  then  catch  the  spindles  of  the  trundle,  as  they  would 
do  the  teeth  of  n  nut  or  pinion. 

That  useful  machine,  the  cran4>,  «o  much  employed  in  rais- 
~1  or  towering  goods,  is  indebted  for  its  value  principally  to 
B  wheel  an<raxle.  Cranes  are  vei-y  variously  constructed, 
^t  the  object  in  all  of  them  is  to  managa  a  great  weight  with 
1  inconsiderable  power.  An  elevation  of  a  crane,  the  gene- 
1  construction  of  which  is  now  becoming  very  prevalent  in 
■Ondon,  Is  shewn  in  tig.  4,  pi.  III.  It  is  approved,  from  its 
ing  no  very  expensive  frame-work,  and  because  it  can 
'ned  all  round.  AB  is  a  stout  beam,  turnii)^  in  a  cast- 
iron  collar  at  B,  affixed  to  the  beams  in  the  Hoor  of  the 
wharf;  it  goes  down  about  twelve  feet  below  this,  and  has  a 
steel  pivot  at  the  lower  end,  which  works  in  n  lirass  socket 
or  collar,  BO  that  theTienmABcan  turn  freely  round  with- 
out shaking.  CD  are  the  two  beams  of  the  jib,  with  a  fisfd 
pulley  at  E,  over  which  the  chain  for  hoisting  the  goods 
uorks.  The  other  end  of  this  chain  winds  round  the  axle  t. 
of  the  great  wheel  F,  of  98  teeth ;  this  whetl  works  in  a 
pinion  of  seven  leaves,  on  the  same  axle  with  tho  wheel  O 
of  33  teeth.  The  wheel  G,  works  in  n  pinion,  H,  of  14  teeth, 
When  a  great  power  is  required,  the  winch  handle  is  ap- 
plied to  a  square  on  the  end  of  the  axis  or  spindle  of  this 
pinion;  hut  for  a  less  weight,  the  winch  is  put  on  the  axle  of 
the  wheel  O.  In  this  case,  to  lessen  the  fnciion,  the  pinion 
may  be  disengaged,  or,  as  it  is  usually  called,  thrown  out  of 
gonr,  by  sliding  its  axle  lengthways.  For  this  purpose,  it 
must  be  provided  with  two  grooves,  and  must  have  a  clip  or 
catch  to  full  into  one  of  these  in  either  of  its  situations.  The 
frame  containing  the  wheels  is  formed  by  two  cast-iron 
crosses,  bolted  to  the  main  beam,  AB,  by  their  vertical  arms, 
of  which  IK  ftro  the  two  in  front. 

Machines  of  this  description  should  be  furnished  with  a 

ratchet  wheel,  as  m,  with  a  catch  to  fall  into  its  teeth.     This 

wheel  will  at  any  time  support  the  weight,  and  keep  it  fVom 

E  descending,  if  the  person  who  turns  the  handle  ehould.  throng^h 

^'^advertence  or  carelessness,  qait  his  hold  while  the  weight  is 

tspendrd.     This  very  ea^v  rood*  of  preventing  the  danger 
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be  to  that  of  B  in  the  propoi^tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  54  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  kflow  the  space  run  over,  the  velocity  nfkst  be  multi- 
plied by  the  time;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  tbe 
velocity  and  time  be  both  doubled^  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal 'times,  their  velocities  are  to  each  other  as 
the  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  Sj^md 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  eq^ual  spaces  in  unequal 
.  times,  then  their  respective  velocities  will  be  inversely  as  the 
time  employed;  that  is»  if  A  in  one  minute,  and  B  ia  two  mi- 
nutes, run  over  onfe  hundred  yards,  the  velocity  of  A  will  be 
«to  that  of  B  as  two  to  one. 

A  body^  in  motion  must  every  instant  tend  to  some  parti- 
cular point.  It  may  either  always  be  to  the  same  points  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directed, 
and  this  will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts ;  as  the  mo- 
tion of  a  boat  which  a  man  dra#s  to  him  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AG.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  from 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  the  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tube, 
equal  to  AB  in  length,  in  which  a  ball,  A,  can  mdve  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the'tube  is  also  moving  uniformly  from  A  to  (5, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremitiev 


describing  the  lines  AC  to  BD.  The  ball  has  moved  from  A 
to  B  in  the  tube,  in  the  same  time  thai  the  tube  has  descended 
to  CD,  and  therefore  when  the  tube  coincides  with  the  Una 
CD.  the  ball  will  be  at  the  extremity,  D,  of  that  hue,  where 
it  has  arrived  in  the  same  time  that  it  would  have  taken  to 
describe  either  'side.  It  is  obvious  also,  that  the  ball  thus 
subjected  to  the  impulse  of  difl'erent  forces,  can  have  de- 
scribed no  other  tine  than  the  diagonal  one;  for  by  assuming 
smaller  forces,  and  forming  the  parallelograms  Aej'g,  A  A  ik, 
8cc.  it  will  be  found  at  every  interval,  in  the  diagonal  of  tlie 
parallelogram.  The  motions  alonj^  AB,  AC,  may  be  called 
the  simple  or  constituent  motions;  the  motion  along  AD  is 
called  the  compound  or  resulting  motion.  Hence  if  we  know 
the  effect  which  the  joint  action  of  two  forces  have  upon  a 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  to 
find  that  of  the  other :  for  suppose  AD  to  be  the  direction  and 
force  with  which  the  body  moves,  and  AB  to  be  one  of  the 
impElling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  and 
that  of  finding  two  or  more  forces  equivalent  to  one,  is  culled 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle:  two  forces  acting  at  the  same  time  on  a  body,  ia 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that  part  of  their  force,  which,  on  account  of  their 
obUquity,  is  opposite  and  contrary,  but  by  what  remains  after 
the  opposite  forces  are  deducted. 

Instances  of  motion  produced  by  several  powers  acting  at 
the  same  time  ore  innumerable,  and  the  application  of  this 
useful  principle,  by  which  they  are  governed,  is  therefore  very 
extensive.  A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.  A  kite,  acted  upon  by  the  wind  and  the  string;  the 
rain  and  snow  that  full  more  or  less  obliquely  according  to 
the  action  of  the  wind  ;  are  other  instances  not  less  familiar. 
A  fish,  by  striking  the  water  with  its  tnil,  advances  for- 
ward in  a  mean  direction  between  the  two  impulses. — In 
jumpiii'^  out  of  a  carriage  in  motion,  accidents  frequently 
occur,  and  the  adventurer  falls  short  of  the  spot  he  aims  at, 
for  want  of  duly  considering,  or  not  knowing,  that  tht'  lateral 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  the 
swiftness  of  the  carriage,  be  greater  than  if  he  sprung  from  a 
state  of  rest. 

Motion  is  said  to  he  acceleiated  if  its  velocity  continually 
mcreases ;  and  it  is  said  to  be  miiformli/  acceUrated.  if  its  velo- 
city increases  e(]unlly  in  equal  limes. 
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quantity  of  matter;  and  all  the  heavenly  bodies  are  retained 
in  their  places  by  the  due  balance  of  their  action  on  each  other. 
An  effect  of  gravity,  or  gravitation,  familiar  to  all  mankind^  is 
the  tendency  of  bodies  to  fall  to  the  earth.  This  tendency  ii 
always  towards  a  point,  which  is  either  accurately  or  veir 
nearly  in  the  centre  of  the  earth ;  consequently  bodies  fau 
every-where  perpendicularly  to  the  surface,  and  on  opposite 
sides  of  the  globe,  they  fall  in  opposite  directions  or  towards 
each  other.  It  is  not  meant  that  there  is  any  peculiar  virtue 
or  charm  in  the  point  called  the  centre ;  but  because  such  is 
the  result  of  the  gravitation  of  bodies  towards  all  parts  of  which 
the  earth  consists.  The  pressure  of  bodies  to  attain,  in  all 
cases,  the  lowest  situation  possible,  or  that  nearest  the  centre 
of  the  earth,  is  what  constitutes  their  weight.  All  substances 
having  a  certain  degree  of  gravity ;  they  have  consequently  all 
weight.  Even  smoke  and  vapours  are  possessed  of  it,  the  rea- 
son of  their  rising  from  the  earth  being  the  same  as  that  which 
causes  a  piece  of  wood  to  swim  in  water,  viz.  they  are  lighter 
than  an  equal  bulk  of  the  atmosphere  or  fluid  in  which  they  are 
disengaged,  and  therefore  their  falling  to  the  ground  is  as  effec- 
tually resisted  as  the  falling  of  a  stone  supported  by  the  hand. 

As  the  gravitating  force  is  always  proportionate  to  the  qui^n- 
tity  of  matter,  the  most  compact  and  the  most  loose,  tBe 
greatest  and  the  smallest  bodies,  descend  through  equal  spaces 
in  equal  times,  unless  they  fall  through  a  resisting  medium, 
whicn  operates  most  upon  those  which  have  the  greatest  ex- 
tension for  their  weight.  If  a  guinea  and  a  feather  were  dropt 
at  the  same  instant  from  the  top  of  a  house,  no  one  will  be  at 
a  loss  to  say,  which  would  soonest  reach  the  ground ;  but  in 
the  exhausted  receiver  of  an  air-pump,  these  tw(>  bodies  fall 
together.  The  guinea,  containing  more  solid  matter  than  the 
feather,  requires  more  force  to  put  it  in  motion;  but  the  attrac- 
tive power  being  proportioned  to  the  quantity  of  matter,  its 
velocity  is  not  greater  than  that  of  a  body  which  requires  less 
force  to  put  it  in  motion^  Another  proof  that  the  gravity  of 
bodies  is  proportionate  to  their  quantity  of  matter,  is  derived 
from  experiments  on  the  motion  of  pendulums.  When  the 
lengths  of  pendulums  are  equal,  and  they  vibrate  in  equal 
arcs,  they  always  acquire  equal  velocities  at  the  correspond- 
ing points  of  those  arcs,  and  their  vibrations  are  consequently 
performed  in  times  exactly  equal,  however  different  the  bulk 
and  texture  of  the  material  of  which  they  are  composed. 
The  resistance  of  the  air  must  be  understood  to  be  excluded 
in  this  experiment,  because  it  acts  unequally  on  different 
bodies,  as  already  exemplified  in  the  guinea  and  feather 
experiment. 
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tne  force  of  gravity  is  nearly  equal. 


illy  distant  from  the  centre  of  the  eartb, 
is  nearly  equal.     The  earth  is,  however, 
not  a  perfect  globe,  but  a  little  depressed  on  two  opposite 
sides,  partly  like  an  orange.    These  depressed  parts  are  at  the 
poles,  and  the  polar  diameter  of  the  earth  has  been  found  to 
be  about  thirty-four  miles  shorter  than  the   equatorial  one. 
The  surface  of  the  earth  at  the  equator  being  therefore  seven- 
teen miles  further  from  the  centre  than  at  the  poles,  the  force 
of  gravity  there  is  less  than  at  the  poles.    It  is  for  this  reason 
that  a  pendulum  calculated  to  swing  secojids  in  the  polar  re- 
gions, must  be  shortened  before  it  will  swing  aeconds  at  the 
equator ;  and  that  bodies  at  the  equator  loose  j^^  part  of  the 
sight  which  they  would  have  at  the  poles. 
The  power  of  gravity,  at  any  given  place,  is  greatest  at 
le  earth's  surface,  from  whence  it  decreases  both  upwar<1s 
and  downwards,  but  not  both  ways  in  the  same  proportion. 
The  force  of  gravity  upwards  decreases  as  the  square  of  the 
distance  from  the  centre  increases;  so  that  at  a  double  dis- 
tance from  the  centre  above  the  surface,  the  force  would  only 
be  one-fourth  of  what  it  is  at  the  surface.     The  surface  of  the 
earth  is,  in  round  numbers,  four  thousand  miles  from  the 
centre;  if  then  a  body  at  the  surface  weighs  four  poundrt, 
and  falls  through  sixteen  feet  in  a  second  of  time,  it  will  at 
double  this  distance  from  the  centre  weigh  but  one  pound, 
and  will  fall  through  but  four  feet  in  a  second  of  time.    Below 
the  surface  of  the  earth,  the  power  of  gravity  diminishes  in 
"ich  a  manner  that  its  intensity  is  in  the  direct  ratio  of  the 
itance  from  the  centre,  and  not  as  the  square  of  the  distance; 
that  at  the  distance  of  two  thousand  miles,  which  is  half  a 
imi'diameter  from  the  centre,  the  force  would  be  but  half 
at  it  is  at  the  surface;  at  one-third  of  a  semi-dinmeter,  the 
would  be  one-third,  and  the  same  ratiti  is  applicable  to 
other  distances.    But  although  the  force  of  gravity,  strictly 
aking,  varies  in  the  manner  just  stated,  in  receding  from 
surface,  iu  operation  at  short  distances  is  considered  uni- 
nta,  a  quarter  or  even  half  a  mile  bearing  so  small  a  propor- 
jn  to  the  earth's  radius,  that  the  diH'erence  is  too  insigntfi- 
int  to  be  noticed  in  calculations. 

the  power  of  gravity  appertains  to   every  particle   of 

matter,  and  the  gravitating  power  of  entire  bodies  consists  of 

that  of  all  their  parts,  under  certain  circumstances  the  gravity 

of  a  part  of  the  earth  somewhat  counteracts  that  of  the  whole 

earth.     Thus,  the  attraction  nf  a  lofty  mountain  Is  found  to 

a  plumb-line  at  the  foot  of  it  a  little  out  of  the  perpen- 

ar,  so  that  in  such  a  situation  it  does  not  tend  to  the 

.tre  of  the  eaith. 
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The  space  which  bodies  actually  fall  through  is  sixteen  feet 
and  one-twelfth  in  the  first  second  of  time,  in  the  latitude  of 
London ;  and  for  otheir  times  either  greater  or  less  than  that, 
the  spaces  descended  from  rest,  are  directly  proportional  to 
the  squares  of  the  times,  while  the  falling  body  is  not  far  from 
the  earth's  surface. 

If  two  bodies,  which  contain  equal  quantities  of  matter,  were 

f)laced  at  ever  so  great  a  distance  from  one  another,  and  tiktA 
eft  at  liberty  in  space,  and^if  there  were  no  other  bodies  in  the 
universe  to  afiect  them,  they  would  fall  equally  swift  towards 
one  another,  with  a  velocity  continually  accelerated,  and  would 
meet  in  a  point  which  was  at  first  exactly  half  way  between 
them.  But  if  two  bodies,  containing  unequal  quantities  of 
matter^  were  placed  at  any  distance,  and  left  in  the  same  man- 
ner at  liberty,  they  would  fall  towards  one  another,  with  relo- 
cities  which  would  be  in  an  inverse  proportion  to  their  respee* 
tive  q^iantities  of  matter;  moving  as  in  the  former  case  witn  an 
accelerated  motion,  thev  would  meet  in  a  point  as  much  nearer 
to  the  place  from  whicn  the  heavier  body  began  to  frill,  than 
to  the  place  from  which  the  lighter  began  to  rail,  as  the  quan- 
tity of  matter  in  the  former  exceeded  that  in  the  latter. 

That  gravity^  should  accelerate  the  descent  of  falling  bodies, 
is  an  efiect  of  its  uniform  action  under  all  circumstances.  Let 
us  suppose  that  it  causes  a  body  to  descend  through  the  space 
of  one  mile  in  a  minute;  at  the  end  of  this  time,  the  body  will 
have  acquired  a  velocity  sufficient  to  carry  it  through  two 
miles  the  next  minute,  although  it  received  no  new  impulse 
from  gravity;  but  as  this  accelerating  cause  remains,  it  adds 
another  mile  to  its  efiect  in  the  first  minute,  and  therefore,  at 
the  exoiration  of  two  minutes,  the  body  will  have  descended 
through  four  miles.  ^ 

The  spaces  described  by  a  uniformly  accelerated  motion,  are 
always  as  the  odd  numbers,  1,  3,  5,  7,  &c.  and  consequently 
the  whole  spaces  are  as  the  squares  of  the  times,  or  of  Uie  last 
acquired  velocities ;  for  the  continued  addition  of  the  odd 
numbers  yields  the  squares  of  all  numbers  from  unity  upwards. 
Thus  1  is  the  first  odd  number,  and  1  is  the  square  of  one ;  3, 
the  next  number,  added  to  1,  makes  4,  which  is  the  square  of 
two ;  5,  added  to  four,  makes  9,  the  square  of  3,  ana  so  on. 
The  times  and  velocities  proceeding  evenly  and  constantly,  as 
!•  2,  3,  4,  See.  and  the  spaces  described  as  1,  S,  5, 7,  Sec.  it  fol- 
lows that  the  spaces  described 

In  1  minute  will  be 1,        which  is  the  square  of  1 

In  2  minutes  will  be 1+3=4,  —  —  2 

In  3  minutes  will  be l+3-f6=9,  —  —  3 

In  4  minutes  will  be  1+3+5+7=16,  —  —  4 
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j|.Henc«  it  if.  apparent  that  the  spaces  fieaiiribed  in  Jift'erenl 
s  by  a  fulHni;  body,  nre  lo  each  otlior  us  the  si|iK>res  <if  tlie 
s  from  tlic  begiiiuiiig  gf  the  dexcenl,  or,  wliicli  prixlncee 
;iiRie  result,  they  nre  as  tlie  squares  of  Uie  velocitien  uc- 
ired  at  the  ends  of  those  times. 

Liioiirjn   of  a  fiilling  body  beiiij;  uiiil'ormly  accelerated 
vity,  the  s'.iroe  uause  uniformly  retards  the  motion  of  :i 
(hIv  thrown  directly  upwards.    A  body  projected  perpeiidicu- 
V,  with  ii  velocity  equal  to  that  which  it  wo<jld  have  ac- 
red by  falling  from  any  height,  will  ascend  to  the  same 
pight  before  it  loses  all  its  velocity. 

ravity  and  weight,  it  ought  to  be  understood,  are  not  in- 
cbanyeable  terms.     Gravity  is  a  power  of  which  weight  is 
etj'ect.     Gravity   has  u  constant  tendency  to  impress,  on 
y    purticle   of  bodies,  a  certain   velocity,  which   would 
EJliise  Itiem  to  fall  if  they  were  not  supported;  weight  is  the 
^aistaiice  necessary  to  destroy  this  velocity,  or  produce  this 
i.port. 

When  the  many  and  wonderful  discoveries  which  signalize 
i  |ire&eiit  age  are  considered,  it  seems  presumptuous  to  mark 
;  boundaries  of  success  lo  human  inquiry ;  but  we  may  very 
tafely  assert,  that  110  researches  hoveeveryetbeeu  made,  which 
pable  us  to  discover,  in  the  essential  properties  of  matter,  the 
cause  of  gravity.     Of  the  existence  of  such  a  power,  we  are 
tu^itinually  surrounded  by  the  most  indubitable  proofs ;  and 
"lat  its  inHuence  extends  over  and  governs  the  solar  system, 
»d  if  the  solar  system,  the  whole  material  universe,  there 
lems  as  little  reason  to  deny.    Sir  Isaac  Newton  has  conjec- 
li  that  matter  is  composed  of  indivisible,  perfectly  solid 
ides  or  atoms,  a  theory  that  has  been  explained  in  th« 
ler  part  of  this  subject;  but  if  the  ultimate  particles  of 
hilter  be  perfectly  solid,  they  cannot  be  pervaded ;  if  they  be 
•capable  of  wearing  or  separation,  tbey  can  throw  nothing 
ff;  and  if  no  single  atom  can  receive  or  part  with  any  thing, 
bw  can   it  act  at  alt  distances  upon  every  other  portion  of 
,   .ratter  in  the  universe?  or  how  can  any  aggregation  of  atoms 
'  possess  a  power  incompatible  with  the  nature  of  its  component 
I  ptrts?    Such  is  a  slight  view  of  the  ai^ument  on  this  Rubjecl; 
A  is  not  OUT  object  to  involve  the  reader  in  the  mazes  of  useless 
theories,  though  we  may,  for  his  amusement,  and  the  exercise 
of  his  judgment,  occasionally  glance  at  them  and  pass  on. 
In  various  branches   of  knowledge,  we  discover  abundant 
proofs  that  the  effects  we  observe  are  produced  by  secondary 
causes,  that  is,  these  effects  spring  from  the  inherent  proper- 
ties, the  properties  originally  impressed  upon  things  by  the 
Creator,  out  ia  the  absence  of  the  secondary  cause  of  gravity, 
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or  until  we  can  prove  it  to  be  dependent  upon  the  essential 
properties  of  matter^  gravity  should  be  considered  as  a  tem 
expressing  merely  a  fact  or  phenomenon;  and  it  is  wise  to 
refer  the  cause  of  it  at  once  to  the  Final  Cause  of  all  things^ 
and  to  regard  it  as  the  ''Finger  of  God,  the  constant  impres- 
sion of  Divine  power." 

Repuhion  is  the  last  property  of  matter  which  we  have 
enumerated.  A  variety  of  considerations  induce  philosophen 
to  admit  thfit  there  is  a  sphere  of  repulsion  which  extends  to 
a  small  distance  round  bodies,  and  prevents  them  from  coming 
into  actual  contact  with  each  other,  except  some  force  it 
exerted  to  overcome  this  resistance,  and  then  the  attraction 
of  cohesion  takes  place.  Dr.  Knight  defines  repulsion  to  be 
that  cause  which  makes  bodies  mutually  endeavour  to  recede 
from  each  other,  with  different  forces  at  different  times; 
and  that  such  a  cause  exists  in  nature,  he  thinks  evident  for 
the  following  reasons:  1.  Because  all  bodies  are  electrical, 
or  capable  of  being  made  so;  and  it  is  well  known  that  elec- 
trical bodies  both  attract  and  repel.  2.  Both  attraction  and 
repulsion  are  very  conspicuous  m  all  magnetical  bodies.  3. 
Sir  Isaac  Newton  has  snewn  from  experiments,  that  the  sur- 
faces of  two  convex  glasses  repel  each  other.  4.  The  same 
great  philosopher  has  explained  the  elasticity  of  the  air  by 
supposing  its  particles  mutually  to  repel  each  other.  5.  The 
particles  of  light  are,  in  part  at  least,  repelled  from  the  sur- 
faces of  all  bodies.  6.  Lastly,  it  seems  highly  proi)able  that 
the  particles  of  light  mutually  repel  each  other  as  well  as  the 
particles  of  air.  The  Doctor  ascribes  the  cause  of  repulsion, 
as  well  as  that  of  attraction,  to  the  immediate  effect  of  the 
will  of  God ;  and  as  attraction  and  repulsion  are  contraries, 
and  consequently  cannot  at  the  same  time  belong  to  the  same 
substance,  he  supposes  there  are  in  nature  two  kinds  of  mat* 
ter,  one  attracting,  the  other  repelling ;  and  that  those  par- 
ticles of  matter  which  repel  each  other,  are  subject  to  the 
general  law  of  attraction  in  respect  of  other  matter.  A  repel- 
lent matter  being  thus  supposed  equally  dispersed  through 
the  whole  universe,  the  Doctor  refers  to  its  operation  a  variety 
of  natural  phenomena;  bdt  whether,  on  his  hypothesis,  all  the 
particular  effects  of  repulsion  can  be  accounted  for,  time  and 
experience  alone  must  determine. 

In  the  instance  which  has  already  been  adduced  of  the  round 
drops  of  dew  upon  the  leaves  of  plants,  it  is  supposed  not 
only  that  there  exists  an  attractive  force  between  the  particles 
of  the  fluid,  but  a  repulsive  force  between  them  and  the  leaf 
upon  which  they  are  suspended.  That  the  drops  are  not  in 
actual  contact  with  the  leaf,  i^  evident  from  their  rolling  off  iu 


fe  compact  body  with  the  greatest  ease ;  as  well  as  from  their 
'  white  or  pearly  appearance,  which  is  an  effect  of  the  copious 
[  teffection  of  white  light  from  the  flattened  part  of  the  surface 
I  eoDtiguous  to  the  plant,  and  could  not  take  place  unless  there 
I  was  a  real  interval  between  the  under  aide  ol  the  drop  and  the 
'  surface  of  the  leaf.     The  power  of  repulsion  will,  in  certain 

oases,  cause  metals  to  swim  in  fluids  much  tighter  than  them- 
I  selves.  A  fine  needle,  if  gently  laid  on  the  surface  uf  water, 
I  will  swim,  and  may  be  drawn  off  again  by  a  mugnet,  without 
[  Jiaviaginreality  touched  the  fluid,  ^n  this  instance,  tbt  needle 

ia  not  heavy  enough  to  overcome  the  power  of  repulsion  be- 
>  tneen  itself  and  the  water,  the  attraction  of  cohe.sion  cannot 

therefore  operate,  and  though' as  much  heavier  than  its  own 

bulk  of  water  aa  the  largest  piece  of  steel,  it  will  float  till  pres- 
I  ^d  down  by  a  greater  force  than  its  own  weight.  It  wouM 
I  U>pear  that,  from  the  sume  cause,  flies  walk  upon  water,  and 
[  oil  refuses  to  mix  with  that  fluid.  Hence  the  feathers  of  wa- 
[  ter-fowl,  which  are  covered  with  a  thin  coating  of  subtile  oil, 

actually  repel  the  surrounding  water. 

0/  Molion. 
No  deflnition  can  be  given  of  the  term  Motion  .wliich  will 
satisfy  the  casuist.     It  expresses  a  simple  idea,  and  cannot 
I  lie  explained  by  words  mure  simple  than  itself.     It  has  been 
ealled  "  a  change  of  place,"  or  the  act  by  which  a  body  cor- 
responds with  different  parts  of  space  at  difl'erent  times;  but  it 
'  would  require  great  ingenuity  to  prove  that  these  deflnitions 
I  kmounl  to  more  than  the  assertion  that  "  motion  is  motion." 
'  Perhaps  that  philosopher  ans\tered  the  question  of  "  what  is 
motion?"   with  as  much  perspicuity  at  least  as  any  other, 
I  who  began  to  walk,  and  observed  to  his  inquirer  that  "  that 
'  Was  motion." 

It  is  by  motion  alone  tliat  we  know  the  existence  of  bodies, 
and  that  a  relation  is  established  between  them  and  our  senses. 
Nothing  cau  be  produced  or  destroyed  without  motion,  and 
every  thing  that  happens  depends  upon  it. 

Space  being  nothing  but  an  absolute  and  infinite  void,  the 
place  of  a  body  is  that  part  of  the  immense  void  which  it  takes 
up  or  possesses;  and  this  place  may  be  considered  absolutely  or 
in  itself,  in  which  case  it  is  called  the  absolute  place  of  the 
body;  or  else  with  regard  to  llie  place  of  some  other  body,  and 
then  it  is  called  the  relative  or  apparent  place  of  the  body.  As 
the  place  of  a  body  may  be  considered  absolutely  or  relatively, 
so  may  the  motion  of  a  body  be  distinguished  in  like  manner. 
All  motion  is  in  itself  absolute,  or  tile  change  of  absolute  space; 
but  when  the  motions  of  bodies  are  considered  and  compared 
12.— Vol.  I.  2  0 
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irith  each  other,  then  are  tbey  usually  denooiiciated  relative 
and  apparent  only:  they  are  relatiTe,  as  they  are  cooipared t€ 
each  other;  and  they  are  apparent  only,  insomuch  that  not  their 
(rue^>r  ab&olute  motion,  but  the  sum  or  difference  of  the  mo* 
ttons  only  is  perceirable  to  us.  Hence  the  absolute  and  reki 
tive  motions  of  bodies  may  be  different  and  even  contrary. 

If  two  ships  set  out  and  sail  together  in  the  same  direction 
and  with  the  same  Telocity^  neither  of  them  will  appear  to  tbe 
other  to  move.  Hence  it  is,  that  though  the  earth  is  contimi* 
ally  revolving  about  its  axfs,  and  advancing  in  its  orbit,  yet,  as 
all  objects  on  its  surface  partake  of  the  same  common  motioB» 
they  appear  not  to  move  at  all,  but  are  relatively  at  rest. 

If  two  ships  set  sail  at  the  saVne  moment,  in  the  same  dirtc* 
tion,  hut  one  of  them  sails  only  three  miles  while  th^  other 
sails  five  miles  an  hour,  the  difference  of  their  velocities,  tib. 
two  miles  per  hour,  will  alone  be  perceptible  to  a  spectator  in 
either  of  them,  looking  at  the  other. 

But  if  two  ships  pass  each  other,  the  one  will  appear  to  the 
other  to  move  with  the  sum  of  both  velocities;  so  that  in  this 
case  the  apparent  motion  exceeds  the  true,  as  in  the  other  in- 
stances it  fell  short  of  it.  The  reason  of  these  phenomena  of 
motion  will  be  evident,  if  we  consider  that  we  must  be  abso- 
lutely at  rest  if  we  would  discern  ai  once  the  true  or  real  mo* 
tions  of  bodies  about  us.  But  as  at  absolute  rest  we  can  never 
be,  from  the  motion  of  the  earth,  we  must  detect  the  real  and 
absolute  motions  of  bodies  in  general  by  means  of  observa- 
tions made  on  their  relative  motions. 

We  are  best  acquainted  with  that  kind  of  relative  motion 
which  consists  in  the  transfer,  from  one  place  to  another,  of 
entire  bodies,  as  the  falling  of  a  stone,  or  the  flight  of  an  ar* 
row.  But,  besides  this,  there  is  another  kind  of  relative  mo- 
tion, which,  though  not  so  obvious,  is  not  less  common  or 
important.  We  allude  to  the  motion  of  the  parts  of  bodies 
among  themselves,  which  though  sometimes  the  object  of 
our  senses,  yet,  in  other  cases,  we  require  the  aid  of  reflec- 
tion to  be  convinced  of  its  existence.  It  is  by  this  impercep- 
tible motion  that  plants  and  animals  grow,  and  by  which  the 
greatest  number  of  the  compositions  and  decompositions  of 
the  globe  take  place.  We  may  form  some  idea  of  this,~bv 
observing  the  continual  motion  of  the  light  particles  which 
sometimes  float  about  in  water,  when  it  is  held  in  the  rays 
of  the  sun ;  which  proves  that  the  parts  of  the  water  are  in 
ccmstant  motion  among  tbemselves.  But  if  we  reflect  a  littk, 
we  shall  discover  that  the  particles  of  the  most  solid  sub- 
stances are  also  continually  changing  their  situations.  Heat 
ex|MUids  and  cold  oontracts  the  size  of  all  bodies ;  and  as  we 
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balances  tlie  weight,  when  it  is  in  the  name  proportion  ns  {he 
velocity  of  the  weight  to  the  velocity  of  the  power.    Or,  divide 
the  machine  into  nil  the  simple  ones  of  which  it  is  formeif  f 
then  brgin  at  th^  power  and  call  it  one,  tind  by  thp  proportie* 
of  the  mechnnical  powers  find  the  forces  in  nunilierfl  which  the 
first  aimple  mtiuhine  exei'ciscs  \ipon  the  second.    Call  lhi<  forctf 
one,  and  find  the  force  in  numbers  with  which  it  Bct«  tipnn  i\i4 
third;  and  putting  this  force  osone, nscertain  its  action  on  th<4 
fourth  in  nnmhem,  and   io  on  to  the  Inst.     Th'-n   miilltply  alt 
these  ntirnhprs  or  individual  ratios  of  the  power  tuthe  weight   ! 
lopether,  and   the  product  will  be  the  force  of"  the  ninchine) 
supposing  the  first  power  to  bo  one.     This  hflB  been  esemJ  ] 
^^Oed  by  the  mettiod  of  cnlculattng  the  power  of  a  compound  ! 
^^ir.  'I  ' 

n  wheel-work,  it  is  evident  from  the  principles  already  lottf 
■vn,  that  the  velocity  of  a  wheel  is  to  (hat  of  a  pinion,  ot 
tiler  wheel  which  it  drives,  or  by  »ihirh  it  is  driven,  in  proi 
I  to  the  diaaiL-ter,  circumference,  or  Bomber  of  teeth  iff 
Ipinion  to  that  of  the  wheel.     If  then  the  teeth  in  a  whe«l 
i>nnt  to  80,  and  the  leaves  in  a  pinion  to  ten,  tbe  pinion  will 
i  times  round  for  one  revolution  of  the  wheel,  because  8 
ided  by  10,  g;iv«s  8  for  the  qoocicnt. 
pf  the  product  nf  the  teeth  in  any  number  ofwh^lx  aetinj'  I 
pio  many  pinions,  be  divided  by  the  piodact  of  the  teeth  ^ 
iva  in  the  pinions,  the  quotient  will  give  the  number  of  \ 
lis  of  the  hist  pinion  in  one  turn  of  the  first  wheel.     ThtnQ 
|ivhecl  A,  (fiiT.  W.  pi.  Ill,)  of  4N,  acts  on  n  pinion  B  of^ 
ht  axis  of  which  pinion  there  is  a  wheel  C  of  40,  driving 
hnion   1)   of  6,  carrying  a  wheel  E  of  86,  which  moves  i 
faon  P  o(  6,  carrying  an  index  ;   then  the  nnmber  of  tunili 
Ve  bv  the  axis  of  the  l»st  pinion,  and   consequetttlv  bv  tb«    , 
,  will  be  found  in  this  manner:  Yx  V  ^  Y='^H*'=24tH  , 
ich  are  the  number  of  turns  made  by  the  index,  for  onf  Inm   | 
Ih^  wheel  A. 

;  will  be  evident  on  a  little  considi-rftti«»n,  ihM  wllntevef  ' 
f  be  the  number  of  leelh  in  the  whKek  and  pinions,  if  they 

^airthe  same  ratio,  they  will  gir^  the  same  nnmbrr  of  revtw 

lalionsto  an  axis.  Thua.lgx  V>f  V="iW=''Wlt,  o«  beforel 
file  numbers,  therefore,  may  be  varied  nt  the  diicrelinn  of  ihi 
whoK>!  dt^ign  must  of  course  repn'ate  his  choioei 


whe..l   I 


r  wheels  and 


il  is  also  evident.  Wilt   pnve   ibr  snitlt   i 


pini 


ir  th9  number  of  teeth 


lllnined  rr*|rectively  in  the  sioj^le  wheel  and  prni 


>,  bear  t4 


B  pro|M>rtin] 


H  the  product  of  the  teetlt  it  ] 


I  nf  whi>«U  M«r«  to  the  prodnct  of  the  teeth  hi  tbi  i 
Uoaa  belongmg  Io  that  tmis. 
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be  to  that  of  B  in  the  propoi^tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  54  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  kiiow  the  space  run  over,  the  velocity  of^st  be  multi* 
plied  by  the  time;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  be  increased,  the  space  run  over  will  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  tbe 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal 'times,  their  velocities  are  to  each  other  as 
the  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  s^ma 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  eqiial  spaces  in  unequal 
times,  then  their  respective  velocities  will  be  inversely  as  the 
time  enriployed;  that  is,  if  A  in  one  minute,  and  B  in  two  mi- 
nutes, run  over  on^  hundred  yards,  the  velocity  of  A  will  be 
,to  that  of  B  as  two  to  one. 

A  bod^  in  motion  must  every  instant  tend  to  some  paiti- 
C4ilar  point.  It  may  either  always  be  to  the  same  point,  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directed, 
and  this  will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts;  as  the  mo- 
tion of  a  boat  which  a  man  dra#s  to  him  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AC.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  from 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  the  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tuba, 
equal  to  AB  in  length,  in  which  a  ball,  A,  can  move  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the' tube  is  also  moving  uniformly  from  A  to  C, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremities 
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3  BD.  The  ball  boB  moved  from  A 
me  time  that  the  tube  has  desceDded 
to  CD,  and  therefore  when  the  tube  coincides  with  the  line 
CD,  tile  ball  will  be  at  the  extremity,  D,  of  that  line,  where 
it  has  arrived  ia  the  same  time  that  it  would  have  taken  to 
describe  either  'side.  It  is  obvious  also,  that  the  ball  thug 
eubjected  to  the  impulse  of  different  forces,  can  have  de- 
scribed no  other  line  than  the  diagonal  one;  for  by  assuming 
smaller  forces,  and  forming  the  parallelograms  A  ej'g,  A  h  i  k, 
&c.  it  will  be  found  at  every  interval,  in  the  diagonal  of  the 
parallelogram.  The  motions  along  AB,  AC,  may  be  called 
the  Gimple  or  constituent  motions;  the  motion  along  AD  is 
called  tile  compound  or  resulting  motion.  Hence  if  we  know 
the  effect  which  the  joint  action  oT  two  forces  have  upon  a 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  to 
find  that  of  the  other :  for  suppose  AD  to  be  the  direction  and 
force  with  which  the  body  moves,  and  AB  to  be  one  of  the 
impelling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found, 
^t  .The  practice  of  reducing  compound  forces  to  simple,  and 
[pat  of  finding  two  or  more  forces  equivalent  to  one,  is  culled 
nbe  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle:  two  forces  acting  at  the  same  time  on  a  body,  in 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that-  part  of  their  force,  which,  on  acconnt  of  their 
ibliquity,  is  opposite  and  contrary,  but  by  what  remains  after 
Be  opposite  forces  are  deducted. 

\  Instances  of  motion  produced  by  several  powers  acting  at 
%B  same  time  are  innumerable,  and  the  application  of  this 
leful  principle,  by  which  they  are  governed,  is  therefore  very 
hteneive.  A  ship  impelled  by  the  wind  and  tide  ia  one  well 
bown.  A  kite,  acted  upon  by  the  wind  nod  the  string ;  the 
t  unow  that  full  more  or  less  obliquely  according  to 
e  action  of  the  wind;  are  other  instances  not  less  familiar. 
1  fish,  by  striking  the  water  with  its  tail,  advances  for- 
ineati  direction  between  the  two  impulses. — In 
npiug  out  of  a  curriage  in  motion,  accidents  frequently 
.  and  the  adventurer  falls  shoit  of  the  spot  he  aims  at. 
mt  of  duly  considering,  or  not  knowing,  that  the  latt-ral 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  the 
swiftness  of  the  carriage,  be  greater  than  if  lie  sprung  from  a 
State  of  rest. 

ts  velocity  continually 
fccrenses  ;  and  it  is  Kaid  to  be  uiitjormlu  acceUrated,  if  its  velo- 


,«ii. 


I  to  be  HHtJormi 
1  equal  times. 


286  JICECHANIC8. 


lUnitnitioa  of  ■Boi>lMil<d  wnotimu 


Motion  18  said  to  be  retarded,  if  its  velocity  continaally  de* 
creases ;  and  to  be  uniformly  retarded,  if  its  velocity  decttsmt 
equally  ia  equal  times. 

If  a  body  be  put  in  motion  by  a  single  impulse,  aad, 
moving  uniformly,  receive  a  new  impulse  in  the  same  diree- 
taop,  its  vel(V^ity  will  be  augmented,  and  with*  that  augmeota* 
tion  of  velocity  it  will  again  proceed  uniformly.  But  if  at  eacli 
instant  of  its  motion  it  receives  a  new  impulse,  its  velocity 
will  be  continually  increasing ;  and  if  this  impulse  is  always 
equal,  and  acts  in  equal  times,  the  velocity  will  be  uniformly 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  ^ven  to  a  oody, 
and  it  loses  equal  portions  of  Uiat  velocity,  at  each  equal  in* 
atant,  by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  will  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  accelerating  the  de* 
scent  of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shewn  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  to  it 
again,  we  shall  endeavour  to  exhibit  it  to  the  eye  as  well  as 
the  understanding.  Let  the  perpendicular  line  AB,  of  the 
right-angled  triangle  ABC,  fig.  2,  pi.  I.  be  considered  as  ex- 

Sressing  the  time  which  a  body  takes  in  falling,  under  the  in- 
uence  of  gravity  or  any  accelerating  force,  and  the  base  line 
BC,  as  expressing  the  velocity  acquired  at  the  end  of  the  fall. 
The  time  expressed  by  the  line  AB  is  divided  into  four  equal 
parts  or  moments,  A  r,r^,st,tTi.  The  close  parallel  lines  in 
the  triangle  Ark,  repeated  at  equal  intervals,  and  from  the 
nature  of  the  triangle,  regularly  increasing  in  length  as  they 
recede  from  the  point  A,  denote  equal  accelerations  of  the 
velocity  from  the  instant  in  which  the  body  begins  to  fall. 
The  line  r  k,  therefore,  will  represent  the  velocity  acquired  by 
a  falling  body  in  the  first  moment  of  time ;  s  I,  the  velocity 
acquired  at  the  end  of  the  second  moment  of  time;  to,  the 
velocity  at  the  ^nd  of  the  third  moment,  and  BC  the  velocity 
at  the  expiration  of  tlie  fourth  moment,  or  termination  of  the 
fall. 

The  body,  during  the  second  moment  of  time,  if  retainiof^ 
only  the  velocity  r  A,  which  it  had  acquired  at  the  end  of  tke 
first,  will  describe  the  square  surface  rksm:  for  this  surface  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  kp 
during  the  time  expressed  by  r  5;  as  the  area  of  the  triangle 
A  r  k,  is  described  by  a  uniformly  increasing  velocity  during 
the  time  A  r.  But  tlie  area  of  the  square  is  manifestly  doable 
the  area  of  the  triangle  above  it;  whence  it  appears,  that  a 
.body  moving  on,  during  the  second  moment,  with  the  velocity 
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ired  tit  Lhe  end  of  ihe  first,  will  fall  twice  as  fur  in  the 
oiul  luoinent  aa  in  the  first;  and  the  rule  deducible  from 
instance  will  universally  hold,  that  is,  the  velocity  ac 
d  at  the  end  of  any  given  time,  will  carry  the  body  twice 
r  in  the  snme  time.  In  pursuing  the  illustration  of  the 
;nre,  this  will'still  further  appear. 

I  r  the  velocity  continue  to  increase  uniformly  during  the  se- 
nd moment,  then  the  space  will  be  as  expressed  by  the  area 
/  k.  and  w  ill  be  equal  to  three  times  the  triangle  A  r  k. 
"■  wh6le  space  described  by  the  body  in  the  two  firet  mo- 
nts  \vi!l  be  as  the  area  A  j/,  which  is  four  times  greater  than 
iif  A  rk;  rendering  it  apparent  that  the  apace  described 
boijy  in  its  full,  is  as  the  square  of  the  time  in  which  it 
lo  j  lor  here  the  lime  is  2,  (because  A  s  expresses  two  mo- 
:nts  of  the  descent.)  and  the  square  of  two  is  4. 
In  the  third  moment,  were  the  body  to  full  with  the  velocity 
Pt'.  (luring  lhe  lime  a  I,  the  space  described  will  be  as  the  rect- 
!«Dgle  under  the  time  and  velocity,  that  is,  as  the  rectangular 
lace  j/f  »,  on  which  rectangle  may  be  described  four  tri- 
igles,  each  equal  to  A  rk:  but  as  the  velocity  is  still  uni- 
irraly  accelerated  by  the  continued  action  of  gravity,  the 
lace  fallen  through  in  the  time  1 1,  or  third  moment,  wilt  be 
the  area  slot,  or  five  t^mes  as  great  as  A  r  A, 
As  the  triangles  Ark,  Ail,  Ato,  ABC,  are  all  similar ; 
A  s  is  twice  as  much  as  A  r,  s  /  will  be  twice  as  much  as  r  k: 
id  as  As  expresses  the  time,  and  s  I  lhe  velocity,  where  the 
.4i[ne  is  double  the  velocity  is  double.  This  rule  applies  to 
ipvery  part  of  the  descent,  and  proves  that  the  velocity  is  as 
idle  time. 

If  the  spaces  described  in  each  moment  be  considered  sepa- 
itely,  the  space  in  the  first  moment  being  1,  the  space  in  the 
icond  moment,  it  will  be  obvious  to  inspection,  is  3,  in  the 
lird  6,  in  the  fourth  7,  the  difference  each  time  being  2. 
The  motion  of  a  body  ascending  from  B  to  A,  and  therefore 
uniformly  retarded  by  the  action  of  gravity,  may  he  illustrated 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of 
explanation;  tlius  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base,  AS  t  0,  s  l,r  k,  will  shew  the  velocity  lost  at  the  height  ^t 
which  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  to 
falling  bodies,  is  that  which  tbey  would  acquire  if  they  passed 
through  a  eptice  where  there  was  no  air;  but  in  fact  the  resist- 
ance of  that  fluid  considembly  diminishes  the  velocity  acquir- 
ed in  falling,  even  when  the  body,  from  its  density,  is  of  a  kind 
least  alVected  by  itw  action.     A  leaden  bullet  dropt  from  an 
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be  to  that  of  B  in  the  propoi^tion  of  6  to  16,  because  the  quo-     ^ 
tient  of  54  divided  by  9,  is  6;  and  the  quotient  of  96  divided 
by  6,  is  16. 

To  kflow  the  space  run  over,  the  velocity  of^st  be  multi* 
plied  by  the  time;  for  it  is  evident,  that  if  either  the  velocity 
or  the  time  he  increased,  the  space  run  over  wifll  also  be 
increased.  If  the  velocity  be  doubled,  then  the  body  will 
move  over  twice  the  space  in  the  same  time ;  or  if  the  time  be 
twice  as  great,  then  the  space  will  be  doubled;  but  if  tbe 
velocity  and  time  be  both  doubled,  then  will  the  space  be  four 
times  as  great.  Hence  when  two  bodies  move  over  unequal 
spaces  in  unequal 'times,  their  velocities  are  to  each  other  as 
the  quotients  arising  from  dividing  the  spaces  run  over  by  the 
times.  If  two  bodies  move  over  unequal  spaces  in  the  s^une 
time,  their  velocities  will  be  in  proportion  to  the  spaces  passed 
over.  Again,  if  two  bodies  move  over  equal  spaces  in  unequal 
times,  then  their  respective  velocities  will  be  inversely  as  the 
time  enriployed;  that  is,  if  A  in  one  minute,  and  B  in  two  mi- 
nutes, run  over  onfe  hundred  yards,  the  velocity  of  A  will  be 
,to  that  of  B  as  two  to  one. 

A  body  in  motion  must  every  instant  tend  to  some  parti- 
C4ilar  point.  It  may  either  always  be  to  the  same  point,  in 
which  case  the  motion  will  be  rectilinear;  or  it  may  be  con- 
tinually changing  the  point  to  which  its  motion  is  directedt 
and  this  will  produce  a  curvilinear  motion. 

When  a  body  is  acted  upon  by  one  force,  or  by  several 
forces  in  the  same  direction,  its  motion  will  be  in  the  same 
direction  as  that  in  which  the  moving  force  acts ;  as  the  mo- 
tion of  a  boat  which  a  man  dra#s  to  him  with  a  rope.  But  if 
several  powers  differently  directed,  act  upon  a  body  at  the 
same  time,  it  will  not  exactly  obey  any  of  tnem,  but  will  move 
in  a  direction  somewhere  between  them.  This  subject  may 
be  rendered  more  plain  by  a  diagram,  and  the  illustration  of 
it  ought  to  be  well  considered  by  the  young  mechanic.  Let 
a  body  A,  fig.  1.  pi.  I.  be  impelled  by  a  force  acting  on  it  in 
the  direction  AC.  At  the  same  instant,  let  it  be  impelled  to- 
wards B,  by  another  force  that  will  carry  it  direct  trom  A  to 
B  in  the  same  time  that  the  former  force  would  carry  it  Crom 
A  to  C.  Complete  the  parallelogram,  ACBD,  and  draw  the 
diagonal  AD,  and  this  line  will  represent  the  direction  and 
distance  the  body  will  move  in  tne  same  time  when  acted 
upon  by  both  forces  conjointly;  for  let  us  suppose  a  tube, 
equal  to  AB  in  length,  in  which  a  ball,  A,  can  move  freely; 
and  that  in  the  same  time  that  the  ball  is  moving  uniformly 
from  A  to  B,  the' tube  is  also  moving  uniformly  from  A  to  C, 
but  so  as  to  be  always  parallel  to  AB,  and  its  extremities 


descnbin;r  the  lines  AC  to  BD.     The  ball  has  moved  from  A 
to  B  in  tHe  tube,  in  the  same  time  that  the  tube  has  desce-ided  | 
to  CD.  and  therefore  when  the  tube  coincides  with  the  lim 
CD,  the  ball  will  be  at  the  exLremity,  D,  of  that  liue,  where  | 
it  has  arrived  in  the  same  time  that  it  would  have  taken  to 
describe  either 'side.     It  is  obvious  also,  that  the  hall  thiw 
subjected  to  the  impulse  of  different  forces,  can  have  de- 
scribed 110  other  line  than  the  diagonal  one;  for  by  assumins 
smaller  forces,  and  ferming  the  parallelograms  A  ejg,  \  Uik, 
&c.  it  will  be  found  at  every  interval,  in  the  diagonal  of  th*  J 
parallelogram.     The  motions  along  AB,  AC,  may  be  called^  ( 
the  simple  or  constituent  motions;  the  motion  along  AD  is  I 
called  the  compound  or  resulting  motion.     Hence  if  we  know  ' 
the  efl'ect  which  the  joint  action  of  two  forces  have  upon  a   \ 
body,  and  the  force  and  direction  of  one  of  them,  it  is  easy  tO 
find  that  of  the  other :  for  suppose  AD  to  be  the  direction  and 
force  with   which  the  body  moves,  and  AB  to  be  one  of  ttw 
impelling  forces,  then,  by  completing  the  parallelogram,  the 
other  power  is  found. 

The  practice  of  reducing  compound  forces  to  simple,  ^od^B 
that  of  finding  two  or  more  forces  equivalent  to  one,  is  callett  J 
the  composition  and  resolution  of  forces,  the  whole  theory  of 
which  is  comprised  in  and  may  be  deduced  from  the  following 
principle:  two  forces  acting  at  the  same  time  gn  a  body,  in 
directions  which  are  oblique  to  each  other,  do  not  move  the 
body  by  that  part  of  their  force,  which,  on  account  of  their 
obliquity,  is  opposite  and  contrary,  but  by  what  remains  after 
the  opposite  forces  are  deducted. 

Instances  of  motion  produced  by  several  powers  acting  at 
the  same  time  are  innumerable,  and  the  application  of  this 
useful  principle,  by  which  they  are  governed,  is  therefore  very 
extensive.  A  ship  impelled  by  the  wind  and  tide  is  one  well 
known.  A  kite,  actecl  upon  by  the  wind  and  tlie  string;  the 
rain  and  snnw  that  full  more  or  less  obliquely  according  to 
the  action  of  the  wind;  are  other  instances  not  less  familiar. 
A  fish,  by  striking  the  water  with  its  tail,  advances  for- 
ward in  a  mean  direciion  between  the  two  impulses. — In 
jumping  out  of  a  carriage  in  motion,  accidents  frequently 
occur,  and  the  adventurer  falls  short  of  the  spot  he  aims  at, 
for  want  of  duly  considering,  or  not  knowing,  that  the  Literal 
impulse  he  gives  himself  must,  in  a  ratio  proportionate  to  the 
swiftness  of  the  carriage,  be  greater  than  if  he  sprung  from  a 
state  of  rest. 

Motion  is  said  to  be  aeceleiattd  if  its  velocity  continually 
tncreaises ;  and  it  is  said  to  be  uiiij'ormijf  acrelrralrd,  if  its  velo- 
city increases  equally  in  equal  times. 
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Motion  18  said  to  be  retarded,  if  its  velocity  continaally  die* 
creases ;  and  to  be  uniformly  retarded,  if  its  velocity  decttsmt 
equally  ia  equal  times. 

If  a  body  be  put  in  motion  by  a  single  impulse,  and, 
moving  uniformly,  receive  a  new  impulse  in  the  same  direc- 
tion, its  vel(V^ity  will  be  augmented,  and  with*  that  augmeota* 
tion  of  velocity  it  will  again  proceed  uniformly.  But  if  at  eacli 
instant  of  its  motion  it  receives  a  new  impulse,  its  velocity 
will  be  continually  increasing ;  and  if  this  impulse  is  always 
equal,  and  acts  in  equal  times,  the  velocity  will  be  uniformly 
accelerated. 

On  the  contrary,  if  a  certain  velocity  be  given  to  a  body, 
and  it  loses  equal  portions  of  Uiat  velocity,  at  each  equal  in* 
stant,  by  new  impulses  acting  in  a  direction  exactly  opposite 
to  its  motion,  it  vrill  be  uniformly  retarded. 

The  effect  of  gravitation  in  uniformly  accelerating  the  de* 
scent  of  a  body,  and  uniformly  retarding  one  thrown  directly 
upwards,  has  been  shewn  in  the  last  section ;  but  as  a  right 
notion  of  this  doctrine  is  very  important,  in  adverting  to  it 
again,  we  shall  endeavour  to  exhibit  it  to  the  eye  as  well  as 
the  understanding.  Let  the  perpendicular  line  AB,  of  the 
right-angled  triangle  ABC,  fig.  2,  pi.  I.  be  considered  as  ex- 

Sressing  the  time  which  a  body  takes  in  failing,  under  the  ia- 
uence  of  gravity  or  any  accelerating  force,  and  the  base  line  ' 
BC,  as  expressing  the  velocity  acquired  at  the  end  of  the  fall. 
The  time  expressed  by  the  line  AB  is  divided  into  four  equal 
parts  or  moments,  A  r,rs,si,tli.  The  close  parallel  lines  in 
the  triangle  Ark,  repeated  at  equal  intervals,  and  from  the 
nature  of  the  triangle,  regularly  increasing  in  length  as  they 
recede  from  the  point  A,  denote  equal  accelerations  of  the 
velocity  from  the  instant  in  which  the  body  begins  to  fall. 
The  line  r  k,  therefore,  will  represent  the  velocity  acquired  by 
a  falling  body  in  the  first  moment  of  time ;  s  I,  the  velocity 
acquired  at  the  end  of  the  second  moment  of  time;  to,  the 
velocity  at  the  ^nd  of  the  third  moment,  and  BC  the  velocity 
at  the  expiration  of  the  fourth  moment,  or  termination  of  the 
fall. 

The  body,  during  the  second  moment  of  time,  if  retaining 
only  the  velocity  r  k,  which  it  had  acquired  at  the  end  of  the 
first,  will  describe  the  square  surface  r  ksm:  for  this  surface  is 
generated  by  a  continual  repetition  or  motion  of  the  line  r  kp 
during  the  time  expressed  by  r  5;  as  the  area  of  the  triangle 
A  r  /c,  is  described  by  a  unifcrmly  increasing  velocity  during 
the  time  A  r.  But  tlie  area  of  the  square  is  manifestly  doable 
the  area  of  the  triangle  above  it;  whence  it  appears,  that  a 
.body  moving  on,  during  the  second  moment,  with  the  velocity 
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Liired  nt  the  end  of  the  first,  will  fall  twice  as  far  in   tlie 

wond  mument  as  in  the  first;  and  the  rule  deducible  from 

instance  will  universally  hold,  that  is,  the  veloL'ity  ac- 

•ed  at  the  end  of  any  given  lime,  will  carry  the  body  twice 

ill-  in  tlie  same  time.     In  pursuing  the  illustration  of  the 

:ure,  this  willstill  further  appear. 

if  the  vi;]ociiy  continue  to  increase  uniformly  during  the  se- 
t  moment,  then  the  epace  will  be  as  expressed  by  the  area 
it,  and  will  be  equal  to  three  times  the  triangle  A  >'  k. 
The  w/i6le  space  described  by  the  body  in  the  two  first  mo- 
.111  be  as  the  area  Ail,  which  is  four  times  greater  than 
ftul  of  A  r  k;  rendering  it  apparent  that  the  space  described 
^|r  II  body  ill  its  full,  is  as  the  square  of  the  time  in  which  it 
s;  for  here  the  time  is  2,  (because  As  expresses  two  mo- 
nts  of  tbe  descent,)  and  the  square  of  two  is  4. 
n  ihe  third  moment,  were  the  body  to  fall  with  the  velocity 
pf,  during  the  time  i  t,  the  space  described  will  be  as  the  rect- 
inder  the  time  and  velocity,  that  is,  as  the  rectangular 
^ace  j/f  n,  on  which  rectangle  may  be  described  four  tri- 
Olgles,  each  equal  to  A  rk;  but  as  the  velocity  is  still  uni- 
Eorraly  accelerated  by  the  continued  action  of  gravity,  the 
i  fallen  through  in  the  time  « (,  or  third  moment,  will  be 
B  the  area  ttoi,  or  five  times  aa  great  as  A  r  t. 

,  the  triangles  Ark,  A  si,  A  (  o,  ABC,  are  all  similar; 

$  is  twice  as  much  as  A  r,  s  /  will  be  twice  as  much  as  r  A; 

^d  aa  A  J  expresses  the  time,  and  s  /  the  velocity,  where  the 

me  is  double  the  velocity  is  double.     This  rule  applies  to 

ery  part  of  the  descent,  and  proves  that  the  velocity  is  as 

i  time. 

f  the  spaces  described  in  each  moment  be  considered  sepa- 
Rtely,  the  space  in  the  first  moment  being  1,  the  space  in  the 
wcond  moment,  it  will  be  obvious  to  inspection,  is  3,  in  the 
[juird  5,  in  the  fourth  7,  the  difference  eacn  time  being  2. 

The  motion  of  a  body  ascending  from  B  to  A,  and  therefore 
uniformly  retarded  by  the  action  of  gravity,  may  be  illustrated 
by  the  same  figure,  if  we  change  only  a  few  of  the  terms  of 
explanation;  tlius  BA  will  express  the  time  which  the  body 
takes  to  rise  to  A,  and  any  horizontal  line  compared  with  the 
base,  as  r  0,  s  /,  r  k.  will  shew  the  velocity  lost  at  the  height  9t 
which  it  is  drawn. 

It  is  to  be  understood  that  the  velocity  above  assigned  to 
falling  bodies,  is  that  which  they  would  acquire  if  they  passed 
through  a  space  where  there  was  no  air;  but  in  fact  the  resist- 
ance of  that  fluid  considembly  diminishes  the  velocity  ncquir- 
ed  in  falling,  even  when  the  body,  from  its  density,  is  of  a  kind 
least  aH'ected  by   itit  action.     A  leaden  bullet  dropt  from  an 
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altitude  of  272  feet,  was  found  by  Dr.  Desaguliers  to  reach 
the  ground  in  four  seconds  and  a  half;  in  which  time,  from ' 
theory,  it  should  have  descended  through  325.6  feet,  which 
makes  a  difference  of  about  one*fifth  of  the  actual  descent 
between  the  experiment  and  the  theory. 

Tt  has  already  been  shewn,  that  if  two  forces  act  unifonply 
upon  a  body,  they  will  cause  it  to  move  in  a  straight  line;  but 
if  one  of  the  forces  is  not  uniform,  but  either  accelerating  or 
retarding,  the  moving  body  will  describe  a  curve.  A  bail  pro- 
jected from  a  cannon  would  always  proceed  in  a  rii>lu  line,  if 
it  were  acted  upon  by  no  force  except  the  impulse  it  received 
from  the  powder;  but  as  soon  as  it  leaves  the  mouth  of  the  can- 
non, gravity  acts  upon  it,  and  changes  its  direction.  The  bull, 
acted  upon  only  by  gravity  and  the  original  impulse,  would 
describe  a  peculiar  curve,  called  a  parabola;  but  as  the  resist- 
ance of  the  air  also  contributes  to  the  variation  of  the  line  de- 
scribed, and  this  resistance  differs  with  the  velocity  of  the  ball, 
its  path  is  not  exactly  determinable.  In  some  cases,  the  resist- 
ance amounts  to  more  than  twenty  times  the  weiv>ht  of  the 
ball ;  and  when  a  ball  moves  with  a  velocity  of  two  thousand 
feet  per  second,  the  amount  of  this  resistance  has  been  found 
to  be  one  hundred  times  its  weight.  Hence  the  parabolic 
theory  of  projectiles  is  inapplicable  to  practice*  Sir  Isaac 
Newton  has,  indeed,  shewn  that  the  curve  described  by  a  pro- 
jectile approaches  more  nearly  to  an  hyperbola  than  a  para- 
bola ;  and  that  the  resistance  to  the  body  is  not  proportional  to 
the  velocity  itself,  but  to  the  square  of  the  velocity.  About  two 
hundred  years  ago,  philosophers  took  the  line  described  by  a 
body  projected  horizontally,  such  as  a  ball  out  of  a  gun,  while 
the  force  of  the  powder  greatly  exceeded  the  weight  of  the 
bullet,  to  be  a  right  line,  after  which  they  allowed  it  became 
a  curve.  Nicholas  Tartaglia  was  the  first  who  maintained  that 
its  path  was  a  curve  through  the  whole  of  its  extent;  but  it 
was  Galileo  who  determined  the  curve  to  be  a  parabola  in  a 
non-resisting  medium. 

The  force  with  which  a  body  moves,  or  which  it  would  exert 
upon  another  body  opposed  to  it,  (force  being  constantly  mea- 
'  sured  by  its  effects,)  is  always  in  proportion  to  its  velocity 
multiplied  by  its  weight  or  quantity  of  matter.  This  force  is 
called  the  momentum  of  the  body.  If  two  equal  bodies  move 
with  different  velocities,  their  forces  or  momenta  are  as  their 
velocities  •;  and  if  two  bodies  move  with  the  same  velocity, 
their  momenta  are  as  their  quantities  of  matter ;  therefore,  m 
all  cases,  their  jnomenta  must  be  as  the  products  of  their 
quantities  of  matter  and  their  velocities.  This  rule  is  the 
foundation  of  mechank^s. 
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Lawi  of'  Moliott. 
A  nummary  of  the  doctrine  oT  motion  has  been  reduced  to 
three  :ixionns,  which  are  usually  called  the  laws  of  motion,  and 
are  ns  follow  : 

I.  Ail  bodies  are  perfectly  indifferent  to  motion  and  rest,  that 
is,  they  are  incapable  when  at  rest  of  moving,  and  when  in  mo- 
tion of  stopping,  without  the- action  of  an  external  cause. 

II.  The  alteration  of  the  state  of  any  body,  whether  from 
rest  to  motion,  or  from  one  degree  of^  motion  to  another,  is 
always  proportionate  lo  the  force  which  is  impressed,  and  in 
the  direction  of  that  force. 

III.  Rc-action  is  always  equal  to  action;  or,  in  other  words, 
the  actions  of  two  bodies  on  each  other  are  always  equal, 
and  exerted  in  opposite  directions. 

^  The  proofs  of  the  first  and  second  of  these  laws  have  been 
lewn  in  the  preceding  sections,  from  which  they  are  ob- 
iously  dednciole.  The  last  is  not  so  clearly  implied  ;  though 
Ik  easily  admitted  to  be  true  on  a  little  consideration.  That 
iny  body  acting  upon  another  loses  as  much  force  as  it  com- 
^lunicates,  will  be  evident,  if  with  a  bullet  suspended  from  a 
^  we  strike  another  bullet  which  is  at  rest,  in  which  case 
,e  striking  body  will  lose  half  its  quantity  of  motion,  and 
'hat  it  loses  will  be  communicated  to  the  other  body.  If  the 
inger  be  pressed  upon  one  scale  of  a  balance,  to  counterpoise 
weight  in  the  other  scale,  the  scale  pressed  by  the  tinger 
^ts  against  the  finger  with  a  force  equal  to  that  with  whicli 
other  scale  endeavours  to  descend.  A  great  variety  of 
lets  might  be  adduced  to  the  same  purpose.  If  a  inau  in  a 
'  'raws  another  boat  to  him,  by  means  of  a  rope,  the  two 
tvill  approach  each  other  with  equal  quantities  of  mo- 
When  a  load  is  drawn  by  a  horse,  the  load  re-acts 
gainst  the  motion  of  the  horse,  and  the  progression  of  the 
^nimal  ia  as  much  impeded  by  the  load,  as  the  motion  of  the 
lad  is  promoted  by  tlie  efforts  of  the  horse  j  and  suppose  the 
iraal  to  possess  a  force  equal  to  one  hundred,  and  the  force 
necessary  to  keep  the  traces  tight  be  equal  to  fifty,  it  will  only 
be  able  to  drawwith  the  remaining  force  of  fifty.  When  a  can- 
non is  discharged,  the  rarefied  powder  presses  it  backwards  and 
the  ball  forwards  with  eaual  force,  though  the  velocities  are  very 
difierent.  If  the  ball  weighs  lOlbs.  and  the  cannon  and  carriage 
lO.OOOIbs.  the  velocity  of  the  ball  will  be  a  thousand  times 
greater  than  that  of  tlie  cannon,  but  the  quiinlity  of  motion 

r[ual.     The  water  by  its  re-action  communicates  to  an  oar  as 
uch  motion  as  it  receives,  and  therefore  impels  a  boat:  fishes 
rim  and  birds  fly  upon  the  same  principle. 
I3.-V0L.  I.  2P 


iBD  MECHANICS. 


OMrtnl  ftiut*'   Cdrtre  of  gnitfty. 


0/*  Central  Forces. 

All  moving  bodies  endeavour  to  obtain  a  rectilinear  motion, 
because  it  is  the  shortest  and  most  simple ;  whenever,  therefore, 
tbey  move  in  a  curve,  there  must  be  something  that  draws 
them  from  their  rectilinear  motion,  consequently  we  may  be. 
certain  they  are  acted  upon  by  two  powers  at  the  least,  and 
were  the  detaining  power  to  cease,  the  moving  body  would 
instantly  fly  off  in  a  straight  line. 

That  force  by  which  a  body  describing  a  curve  endeavours 
to  fly  off  in  a  straight  line,  is  called  the  centrifugal  force ;  and 
the  opposite  force,  or  that  by  which  a  body  is  every-where 
impelled,  or  in  any  manner  tends  towards  some  point  as  a 
centre,  is  called  the  centripetal  force.  If  a  bullet  fastened  to  a 
string  held  in  the  hand  be  whirled  round,  and  the  string  be 
broken  or  let  loose,  the  bullet  immediately  flies  off  in  a  tangent 
to  the  circle  it  was  previously  describing ;  in  this  case,  the 
string  represents  the  centripetal  force,  and  the  power  it  has  ac- 
quired to  fly  off,  is  the  centrifugal  one. 

The  centrifugal  and  centripetal  forces  are  called  together 
central  forces. 

Of  the  Centre  of  Gravity. 

In  every  body,  there  is  a  certain  point  called  the  cefUrt  of 
gfitvity,  the  nature  and  properties  of  which  require  our  atten- 
tion, before  we  begin  to  treat  of  the  mechanical  powers. 

The  centre  of  gravity  is  that  point  in  a  body,  about  which  all 
its  parts  exactly  balance  each  other  in  every  position. 

'If  a  body  be  suspended  or  supported  by  the  centre  of  gra- 
vity, it  will  remain  at  rest  in  any  position  indifferently ;  and 
whatever  supports  this  point  bears  the  whole  weight  of  the 
body,  which,  whilfe  so  supported,  cannot  fall,  rhe  whole 
weight  of  a  body  may  therefore  be  considered  as  centred  in 
this  point;  and  mathematicians,  by  iht  place  of  a  body,  often 
mean  that  point  where  the  centre  of  gravity  is  situated.  A 
body  suspended  by  any  other  point,  can  rest  only  in  two  posi- 
tions, viz.  when  the  centre  in  question  is  either  exactly  above 
t/t  below  the  point  of  suspension. 

To  balance  a  stick,  which  is  of  equal  thickness  throughout, 
across  a  finger,  or  any  other  narrow  support,  every  child  knows 
that  he  has  only  to  find  the  middle  of  it ;  to  balance  one  which 
is  thicker  at  one  end  than  the  other,  he  knows  that  he  must 
place  the  support  nearer  the  extremity  of  the  heav^  end  than 
the  other,  and  that  the  difference  of  length  on  each  side  o& 
the  balancing  point  must  be  proportionate  to  the  difference 
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t  the  weight  of  the  two  ends.     On  the  same  principle,  the 

iommDii  centre  of  grarity  of  two  equal  bodies,  is  just  ffiid- 

rsy  between  them ;  but  when  the  two  bodies  are  wneqwa!, 

t  IS  nearer  the  greater  body  in  proportion  fts  it  is  heavier 

nan  the  other ;  or  the  distances  from  the  centre  are  inversely 

IB  tlie  weights  of  the  bodies.     Let  A,  fig.  3,  pi.  I.  be  £;renter 

Ban  B;  join  AB,  upon  which  take  the  point  C,  so  that  CA  : 

I JCB : :  B :  A.  that  is,  if  the  weight  of  A  be  multiplied  by  ihe 

(pittance  AC,  and  the  product  be  the  same  as  that  of  the 

I  ?»eiglit  of  B  multiplied  by  the  distance  BC,  then  C  is  the 

r  centre  of  gravity  of  the  two  bodies  A  and  B.     If  the  common 

I  centre  of  gravity  of  three  bodies  be  required,  first  find  C.  the 

J  eentre  of  gravity  of  A  and  B;  and  supposing  a  body  to  be 

I  placed  there  equal  to  the  sum  of  A  and  B,  find  G,  the  com- 

■  AJOn  centre  of  gravity  of  it  and  D;  then  will  G  be  the  eom- 
I  non  centre  of  gravity  of  the  three  bodies  A,  B,  and  D,  In  n 
T  «iinilar  manner  the  centre  of  gravity  of  any  number  of  bodies 
[  may  be  determined. 

As  gravity  always  acta  in  a  direction  perpendicular  to  the 
I  jiorizon,  and  as  if  the  whole  weight  of  a  body  were  collected 
I  in  the  centre  of  gravily,  this  point  always  endeavours  to 
l4e8cend  in  a  vertical  line,  and  with  ft  force  equal  to  the 
Lady's  weight.  Hence  a  vertical  line  passing  throuu;h  the 
I  body's  centre  of  gravity,  is  called  the  line  of  direction.     While 

■  the  line  of  direction  falls  within  the  base  upon  which  a  hody 
stands,  the  body  cannot  descend,  but  if  it  foil  without  the 
base,  the  body  will  fall.  Thus  the  inclining  body  A  BCD. 
fig.  4,  pi.  !.  whose  centra  of  gravity  is  E,  stands  firmly  on 
its  base  CD,  because  the  line  of  direction,  EF,  falls  within 
the  base.  But  if  we  attempt  to  set  op  &  longer  body.  OH  IK. 
fig.  5,  with  (he  same  inclination,  the  centre  of  gravity  L  will 
be  more  elevated,  and  the  line  of  direction  LM  fallincr  with- 
out the  base,  it  will  drop  the  instant  it  is  left  to  itself.  The 
same  effect  would  be  produced  by  placing  a  sufficient  weight 
on  the  top  of  the  former  body,  fig.  4,  for  every  such  addition 
of  weight  would  raise  the  centre  of  gravily,  and  therefore  the 
weight  would  be  sufficient  to  cause  the  fall  of  the  body,  the 
moment  it  was  high  enough  to  cause  the  line  of  direction  to 
fall  without  the  base,  as  shewn  by  fig.  6. 

From  tlie  preceding  observations,  we  may  deduce  the 
danger  and  absurdity  of  people's  rising  in  aftoat  or  other 
vehicle  which  is  likely  to  be  overset ;  for  by  that  means  they 
raise  the  centre  of  gravity,  and  a  swing  which  would  not  have 
been  attended  with  the  least  hazard  while  they  were  sitting, 
will  then  throw  the  line  of  direction  beyond  the  base,  and 
dms  render  their   being    overset  inevitable.     If,    instead   of 
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riBing,  the  people  had  crouched  as  low  as  possible,  many  n 
boat^  party  would  have  saved  themselyes. 

As  tae  broader  the  base,  and  the  nearer  the  line  of  direction 
IB  to  the  middle  of  it,  the  more  firmly  does  the  body  stand ;  so, 
on  the  contrary,  the  narrower  the  base,  and  the  nearer  the  line 
of  direction  is  to  the  side  of  it/ the  more  easily  may  the  body 
be  overthrown,  because  a  less  change  of  position  is  sufficient 
to  remove  the  line  of  direction  out  of  the  base,  and  a  less  force 
is  required  to  efiect  that  changcof  position.  It  is  for  this 
reason  that  a  sphere  is  so  easily  roUea  upon  a  horizontal  plane, 
and  that  it  is  so  difficult  to  make  any  body  stand  upright  on 
a  point. 

Various  contrivances  have  been  executed,  taking  their  rise 
from  the  principle,  that  the  centre  of  gravity  always  tends  to 
the  lowest  place  possible,  as  the  manner  of  suspending  the 
marine  barometer,  compasses,  &c.  An  experiment  frequently 
shewn  by  lecturers  on  natural  philosophy,  m  illustration  of  the 
principle,  is  that  made  with  a  double  cone,  which  appears  to 
roll  up  two  inclined  planes,  forming  an  angle  with  eacn  other, 
and  lying  in  the  same  plane.  In  this  case,  the  double  cone 
actually  sinks  as  it  advances,  and  by  that,  means  the  centre  of 
gravity  keeps  continually  descending.  It  is  necessary  to  this 
effect,  that  the  height  of  the  planes  be  less  than  the  radius  of 
the  base  of  the  cone.  If  the  neight  be  equal  to  the  radius,  the 
body  will  rest  in  any  part  of  the  plane ;  if  the  height  be  greater 
than  the  radius,  it  will  descend.  The  two  rules  AB,  CD, 
fig.  6,  pi.  I.  are  united  by  a  hinge  CA.  The  lower  sides  are 
straight ;  on  the  upper  sides,  one  end  is  wider  than  the  other, 
so  that  when  opened  they  form  two  inclined  planes.  If  a 
double  cone  Er,  be  placed  near  the  hinge,  it  will  roll  to- 
wards the  upper  end  of  the  planes,  and  thus  apparently  as- 
cend ;  but  in  reality  it  is  let  down,  because  as  the  rules  widen, 
the  cone  touches  them  in  parts  nearer  and  nearer  the  apex  on 
each  side. 

When  the  line  of  direction  of  a  body  upon  an  inclined  plane 
falls  within  the  base,  the  body  will  slide  down  the  plane ;  but 
it  will  roll  down,  if  the  friction  of  the  surfaces  be  sufficient, 
when  that  line  falls  without  the  base.  Thus  the  body  C,  fig.  7, 
will  only  slide  down  the  inclined  plane  AB;  but  the  body  D 
will  roll  down  the  same  surface.  A  sphere  would  descend  upon 
an  inclined  plane  without  rolling,  if  there  were  no  friction, 
which  is  the  only  cause  of  its  rotation. 

.  When  a  man  is  standing,  the  line  of  direction  passes 
between  his  feet;  when  he  walks,  most  of  the  motion  is  to 
preserve  this  line  in  the  same  position.  The  various  methods 
and  postures  which  we  instinctively  use  to  retain  or  to  recover 
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tniglit  afford  matter  forcurious  reflection.  We  bend  our  boay 
forward  when  we  rise  from  a  chair,  or  go  up  stairs ;  and  ,in 
carrying  a  load,  we  always  lean  from  it.  Thus  a  man  leans 
forward  when  he  carries  a  burden  on  his  back  ;  backward,  when 
he  carries  a  burden  on  his  breast;  and  to  the  right  or  left 
according  to  the  situation  of  his  load.  The  purpose  of  all 
these  changes,  is  to  make  the  line  of  direction  fall  bttween 
his  feet. 

If  a  body  be  suspended  freely  from  different  centres,  its 
centre  of  gravity  will  be  in  the  intersection  formed  by  lines 
drawn  from  those  centres  perpendicular  to  the  horizon.  Hence 
we  obtain  an  easy  practical  method  of  finding  the  centre  of 
gravity  of  any  irregular  plane  figure :  suspend  it  by  any  point 
witii  the  plane  perpendicular  to  the  horizon ;  from  the  point  of 
Buspensioti  hang  a  piumb-Une,  and  draw  a  line  upon  the  body 
■  where  the  string  passes  over.  Do  the  same  for  any  other  point 
of  suspension,  and  where  the  two  lines  meet  mast  be  the  centre 
of  gravity.  For  example,  supposing  AB,  fig.  8,  pi.  I.  to  be 
the  body  of  which  the  centre  of  gravity  is  to  be  found.  Sus- 
pend it  in  the  first  instance  from  any  point,  as  D,  so  that  it 
may  move  freely  on  that  part:  let  a  plumb-line  hang  from  the 
pin  on  which  it  is  suspended,  and  mark  correctly  the  direction 
of  the  plumb-line  on  the  body.  Then  suspend  the  body  by 
another  part,  as  F.and  use  the  plumb-line  as  before.  The 
line  last  drawn  will  intersect  the  first  line  D£  in  C,  which  is 
the  centre  of  gravity. 


Of  the  Me( 


AL  Powers 


The  simple  machines,  of  a  combination  of  two  or  more  of 
which  all  complex  engines  must  consisf,  are  colled,  by  way  of 
distinction,  the  Mechamiipl  Powers-     They  are  six  in  number, 

viz.  the  LEVER,  the  PULLEY,  the  WHEEL  AND  AXLE,  the  IN- 
CLINED FLAKE,  the  WEDGE,  and  the  screw.  Some  authors 
are  of  opinion  that  we  ought  only  to  reckon  two  simple  ma- 
chines, the  lever  and  the  inclined  plane :  for  the  pulley  and  the 
wheel  and  axle  may  be  considered  as  compound  levers,  and 
the  wedge  and  the  screw  are  only  modifications  of  the  inclin- 
ed plane;  but  aa  this  enumeration  is  not  in  general  use,  and 
as  it  is  in  fact  calculated  rather  to  confuse  than  to  simpli^ 
the  subject,  we  shall  pass  it  by. 

If  the  abilities  of  man  were  limited  by  the  extent  of  his 
natural  strength,  small  indeed  would  be  his  knowledge  of  the 
works  of  nature,  and  few  the  reGnements  and  comforts  of  civi- 
lized society.    Wo  can  hardly  look  upon  any  production  of  art 
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which  could  have  been  obtained  without  the  aid  of  mechani- 
cal contrivances.  Hence  we  may  conclude,  that  the  construe* 
ii(fn  of  machines  must  hare  been  long  antecedent  to  a  know- 
ledge of  the  theory  upon  which  their  principles  depend.  The 
remains  of  Egyptian  architecture  exhibit  the  most  surprising 
marks  of  mechanical  genius.  The  stones  laid  upon  the  tops 
of  the  pyramids  of  Egypt,  are  each  of  them  equal  in  size  to  . 
a  small  house.  The  elevation  of  such  immense  and  ponderout 
masses,  to  the  tops  of  these  and  other  stupendous  fabrics, 
must  have  required  an  accumulation  of  mechanical  power, 
which  the  architect  of  the  present  day  cannot  regard  without 
astonishment. 

In  establishing  the  theory  of  the  science  of  mechanics,  some 
assumptions  are  made  and  taken  for  granted,  though  notstrictlj 
true,  and  when  the  theory  has  been  explained,  the  proper  allow- 
ances are  made.  The  assumptions  alluded  to,  are  commonly 
called  postulata,  and  are  principally  the  four  following : 

1.  Toat  a  small  portion  of  the  surface  of  the  earth,  altnough 
in  reality  convex,  may  be  considered  as  a  plane. 

2.  That  heavy  bodies  descend  in  lines  parallel  to  each  other; 
for  though  all  bodies  tend  towards  the  centre  of  the  earth,  yel 
the  distance  from  which  they  fall  is  so  inconsiderabfe,  when 
compared  with  their  distance  from  the  centre  of  the  earUi,  that 
their  inclination  is  very  trifling. 

3.  That  the  effort  or  any  given  power  or  weight,  is  the  same 
in  all  points  of  its  direction ;  or  if  a  body  be  acted  upon  by 
any  power  in  a  given  direction,  the  action  will  be  the  same,  in 
whatever  part  of  that  direction  it  be  applied. 

4.  That  though  all  surfaces  are  more  or  less  rough,  and  all 
machines  imperfect,  yet  we  must  suppose  all  planes  to  be  per- 
fectly even;  all  surfaces  quite  smooth ;  all  levers  straight  and 
inflexible,  and  withoutthickness  and  weight;  all  cords  perfectly 
pliable,  and  all  machines  without  fiiction  and  inertia. 

Three  things  are  always  to  be  considered  in  treating  of  me- 
chanical engines ;  a  weight  to  be  raised ;  the  power  by  which  it 
is  to  be  raised ;  and  the  instrument  or  engine  by  which  that 
power  acts  upon  the  weight. 

the  artifice  in  all  mechanical  contrivances  is,  to  distribute 
the  weight  among  such  a  number  of  agents,  that  the  part  sus- 
ikinfed  Ey  the  power  may  bear  only  a  small  proportion  of  the 
whole. 

In  calculating  the  power  of  a  machine,  it  is  usually  con- 
sidered in  a  state  of  equilibrium;  that  is,  in  the  state  when  the 
Sovver  which  has  to  overcome  the  resistance,  just  balances  it. 
taving  discovered  how  much  power  will  be  requisite  ibr  this 
purpose,  it  will  then  be  necessaiy  to  add  so  mucn  more  as  will 
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ibe  friction  aii«l  weight  of  the  machine  iUelf,  and 
ecesBiiry  velocity. 


Of  thb  Lever. 

k  The  lever  is  of  all  machines  the  most  simple;  it  is  merely  ft 

■  of  iron,  of  wood,  or  any  solid  material,  by  means  of 

vbich  a  certain  force,  when  one  part  of  it  rests  against  a  ful- 

reruin  or  prop,  is  capable  of  overcoming  or  resisting  a  greater 

I  'Isrce. 

In  the  lever  there  are  three  circumstances  to  be  particularly 
noticed:   I.  The  fulcrum  or  prop  by  which  it  is  supported,  or 
which  it  turns  as  an  axis  or  centre  of  motion.    2.  The  power 
-aise  and  support  the  weight.     3.  The  resistance  or  weight 
>  be  raised  or  sustained. 
The  points  of  suspension  are  those  points  whtre  the  weights 
■t«B«lly  are.  or  from  which  they  hong  freely. 
"-    The  power  and  the  weight  are  always  supposed  to  act  at 
■ght  angles  to  the  lever,  unless  it  be  otherwise  expressed. 
\--  The  lever  is  distinguished  into  three  sorts,  according  to  the 
ikRerent  situations  ofthe  fulcrum  or  prop,  and  the  power,  with 
fesjiect  to  each  other. 

■  The  lever  is  of  thejf^^  order,  when  the  fulcrum  or  prop  is 
'^^nced  between  the  power  and  the  weight. 

'  The  lever  is  of  the  second  order,  when  the  prop  is  at  one  end, 
the  power  at  the  other,  and  the  wsight  between  them. 

The  lever  is  of  the  third  order,  when  the  power  is  applied 
between  the  weight  or  resistance  and  the  fulcrum. 

The  greater  number  of  inittruments  in  general  use  are  levers 

if  one  kind  or  other.     A  poker,  in  stirring  a  (ire,  is  a  lever  of 

fte  first  order;  the  bar  of  the  grate  upon  which  it  rests,  is  the 

hlcrum;  the  fire,  the  weight  or  resistance  to  be  overcome;  and 

Ehe  hand,  is  the  power.    Of  this  kind  of  lever,  are  constructed 

hfealances,   steelyards,   scissars,   pincers,   snufTers,    See.     The 

l^'jcistrument  commonly  called  the  iron-crow,  by  which  large 

I  ittones  are  loosened,  and  great  weights  raised  to  small  heights. 

a  order  to  get  ropes  under  them,  for  raising  them  still  higher, 

pis  also  a  lever  of  the  first  kind.     AB,  fig.  9.  pi.  I.  represents 

'this  lever,  in  which  C  is  the  fulcrum,  A  the  end  at  which  the 

power  is  applied,  and  B  the  end  where  the  weight  acts.     The 

parts  AC  and  CB,  on  the  right  and  left  of  the  fulcrum,  are 

called  the  arms  of  the  lever.     To  find  when  an  equilibrium 

will  take  place  between  the  power  and  the  weight,  we  must 

recur  to  what  was  formerly  premised  respecting  the  momenta 

of  bodies,  vix.  that  their  momenta  are  always  as  the  producU 
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of  their  quantities  of  matter  multiplied  by  their  velocities ;  and 
therefore  that  the  momentum  of  a  small  body  will  be  equal  to 
that  of  a  large  one,  if  its  velocity,  or  the  space  it  passes 
through,  be  such  as  to  make  their  respective  products  equal* 
Now  let  us  consider  when  this  equilibrium  will  take  place  in 
the  lever.  Suppose  the  lever,  AB,  fig.  10.  to  be  turned  on  its 
axi$  or  fulcrum,  so  as  to  come  into  the  situation  DC;  as  the 
end  D  is  at  the  greatest  distance  from  the  centre  of  motion, 
aibd  as  it  has  moved  through  the  arch  AD  in  the  same  tim« 
that  the  end  B  moved  through  the  arch  BC,  it  is  evident  that 
the  velocity  of  the  end  A  must  have  been  greater  than  that  of 
Bi  and  for  this  reason  it  requires  less  weight  or  quantity  of 
matter  to  produce  an  eqilibrmm  than  B. 

Let  us  now  ascertain  how  much  more  weight  B  will  require 
th&n  A  to  balance.  As  the  radii*  of  circles  are  in  proportion 
to  their  circumferences,  they  are  also  proportionate  to  similar 
parts  of  them ;  therefore  as  the  arches  AD,  CB  are  similar, 
that  is,  are  both  equal  portions  of  the  circles  to  which  they 
respectively  belong,  the  radius  or  arm  DE,  bears  the  same  pro- 
portion to  £C,  that  the  arch  AD  bears  to  CB.  But  the  arches 
AD  and  CB  represent  the  velocities  of  the  end  of  the  lever, 
because  they  are  the  spaces  which  they  moved  over  in  the 
same  time;  therefore  the  arms  D£  and  EC  may  also  represent 
these  velocities.  ^ 

It  is  evident,  then,  that  an  equilibrium  will  take  place,  when 
the  length  of  the  arm  AE  multiplied  into  the  power  at  A,  shall 
equal  EB  multiplied  into  the  weight  at  B;  and,  consequently, 
that  the  shorter  EB  is,  the  greater  must  be  the  weight  at  J3 
to  produce  the  balance;  that  is,  the  power  and  the  weight 
must  be  to  each  other  inversely  as  their  distances  from  the 
fulcrum.  Thus,  supposing  AE,  the  distance  of  the  power 
from  the  fulcrum,  to  be  twenty  inches ;  and  EB,  the  distance 
df  the  weight  from  the  fulcrum,  to  be  eight  inches ;  and  the 
weight  to  be  raised  at  B  to  be  five  pounds;  then  the  power 
to  be  applied  at  A  must  be  two  pounds;  because  the  dis- 
tance of  the  weight  from  the  fulcrum,  viz.  eight,  when 
miUtiplied  into  the  weight  five,  makes  forty ;  therefore 
twenty,  the  distance  of  the  power  from  the  prop,  must  be 
multiplied  by  two  to  get  an  equal  product,  wnich  will  pro- 
duce an  equilibrium. 

It  is  obvious,  that  while  the  distance  of  the  power  from  the 
prop  exceeds  that  of  the  weight  from  the  prop,  a  power  less 
than  the  weight  will  raise  it ;  so  that  then  the  lever  affords  a 
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mechanical  a(lvanta<re.  But  when  the  distance  of  tlie  power 
is  less  than  that  of  the  weight  from  the  prop,  the  power  must 
he  greater  than  the  weight,  or  it  will  not  raise  the  latter;  when 
both  tlie  anus  are  equal,  the  power  and  the  weight  must  be 
equal,  to  he  in  equilibrium. 

The  hammer  lever  (jiffers  in  nothing  but  its  form  from  a 
lever  of  the  first  kind.  Suppose  the  handle  of  the  hammer  to 
be  ten  times  the  length  of  the  iron  part  that  draws  the  nail, 
then  pulling  backwards  the  handle,  while  the  lower  end  rests 
upon  the  board  as  a  fulcrum,  the  nail  may  be  drawn  with  one- 
tenth  part  of  the  power  which  would  be  required  to  pull  it  out 
with  pincers ;  because  in  using  the  pincers,  the  nail  would  move 
as  fast  as  the  hand,  but  in  using  the  hammer  the  hand  moves 
over  ten  times  the  space  of  the  nail.  A  pair  of  scissars  is  com 
posed  of  two  levers  of  the  first  kind,  tbe  centre  of  motion  being 
the  rivet.  If  the  hand  or  power  be  applied  three  times  as  far 
from  the  rivet  aa  the  material  to  be  cut.  each  lever  acting  with  a 
force  of  three,  the  scissars  will  acton  the  material  six  times  more 
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e  applied  directly  to  it. 


■  11  The  second  kind  of  lever,  that  is,  a  lever  erapldyed  so  as  to 
UBve  the  weight  between  the  fulcrum  and  the  power,  is  repre- 
riented  by  fig.  11,  pi.  I.;  A  is  the  fulcrum.  B  the  weight.  an(J  C 
the  power.  The  advantage  gained  by  this  lever,  as  in  the  first, 
is  as  great  aa  the  distance  of  the  power  from  the  prop  exceeds 
the  distance  of  the  weight  from  ihe  ]iri)p.  Thus  if  the  point 
a,  on  which  the  power  acts,  be  seven  times  as  far  from  A  as 
the  point  i,  on  wnich  the  weight  acts,  then  one  pound  applied 
at  C  will  raise  seven  pounds  at  B. 

From  the  properties  of  this  lever  it  is  evident,  that  if  two 
men  carry  a  buroen  upon  a  stick  between  them,  the  shares  of 
the  weight  which  they  bear,  are  to  one  another  in  the  inverss 
proportion  of  their  distances  from  it.  The  fact, 'indeed,  ii 
well  known,  that  the  nearer  either  of  them  is  to  the  burden, 
the  greater  share  he  bears  of  it;  and  if  one  of  them  go  directly 
under  it,  he  bears  the  whole-  If  one  man  be  at  A  and  the 
other  at  a,  with  the  pole  or  stick  resting  on  their  shoulders, 
!ind  the  burden  B  is  placed  live  times  as  near  the  man  at  A, 
as  it  is  to  the  man  at  a,  the  former  will  heir  five  times  as 
much  weight  as  the  latter.  Upon  the  same  principle,  two 
horses  of  unequal  strength,  may  be  yoked  so  that  each  horse 
may  draw  a  part  proportionable  to  his  strength  ;  for  the 
beam  they  pull  may  be  divided  in  such  a  manner,  that  the 

^^^  point  of  tracrion  raajr  be  as  much   nearer  to  the  stronger 

^^^LBorse,  as  will   be  required  to  balance  the  different  elTects  of 

^^Blbeir  strength. 

^^^■»' The  oars  and  rudders  of  vessels  are  levers  of  the  second  kind; 

^H       13.— Vol.  I.  2Q 
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the  vessel  is  the  weight  or  resistance,  the  water  is  the  fulcmai, 
and  the  man  who  governs  their  motions  is  the  power.  A  do6f 
18  a  lever  of  the  second  kind ;  the  hinges  are  the  centre  of  mo«> 
tion»  the  body  of  the  door  is  the  weieht,  and  the  hand  by  whieh 
it  is  moved  is  the  power.  A  pair  of  bellows,  nut-crackers,  8(c 
are  composed  of  two  levers  of  the  sec^d  kind. 

In  the  third  kind  of  lever,  that  is,  when  the  power  is  between 
tine  weight  and  the  prop,  the  power  and  the  weisht  are  in  equi- 
librium, when  the  intensity  of  the  power  exceeds  the  intensity 
of  the  weight  just  as  much  as  the  distance  of  the  weight  froD 
the  prop  exceeds  the  distance  of  the  poFwer.  Thus,  let  E,  fie 
12,  be  the  prop  of  the  lever  EF,  and  W  a  weight  of  one  pouM^ 
placed  five  times  as  far  from  the  prop  as  the  point  at  whieb 
the  power  P,  acts,  by  the  cord  going  over  the  nxed  pulley  !>; 
in  this  case,  the  power  must  be  equal  to  five  pounds,  in  ordav 
to  support  the  weight  of  one  pound. 

The  third  kind  of  lever  is  used  as  little  as  possible,  oil 
account  of  the  disadvantage  to  the  moving  power;  but  it  caa- 
not  always  be  avoided;  an  example  of  it  is  seen  in  rearine  n 
tall  ladder  against  a  wall,  where  the  power  or  strength  of  a 
man  is  exerted  at  a  short  distance  from  one  end,  and  the  task 
cai^not  be  performed  without  more  effort  than  would  be  ne* 
cessary  to  bear  the  ladder. 

The  bones  of  a  man's  arm,  and  the  limbs  of  animals  gene^ 
rally,  are  levers  of  the  third  order ;  for  when  we  lift  a  weight 
by  the  hand,  the  muscle  that  exerts  its  force  to  raise  that 
weight,  is  fixed  to  the  bone  about  one-tenth  part  as  far  below 
the  elbow  as  the  hand  is,  and  the  elbow  being  the  centre 
round  which  the  lower  part  of  the  arm  turns,  the  muscle  must 
therefore  oxert  a  force  ten  times  as  great  as  would  be  required 
simply  for  the  suspension  of  the  weight  that  is  raised.  The 
principle  of  vitality  has  an  influence  upon  the  strength  of  the 
muscles  for  which  we  are  wholly  unable  to  account;  and  a 
weight  which  would  instantly  break  a  muscle  the  moment  it 
was  dead,  can  be  raised  by  that  muscle  while  alive,  without 
the  smallest  pain  or  difficulty.  Vitality,  therefore,  being  or- 
dained to  communicate  so  much  energy  to  such  flexible  mate- 
rials as  flesh  and  blood,  a  lever  of  the  third  sort  became  most 
admirably  adapted  to  the  animal  frame,  because,  if  the  power 
be  sufficient,  its  operations  are  quick,  and  it  is  exerted  or  re- 
sides in  a  small  compass. 

In  every  species  of  lever  there  will  be  an  equilibrium,  when 
the  power  is  to  the  weight  as  the  distance  of  the  weight  from 
the  tiilcrum.is  to  the  distance  of  the  power  from  the  fulcrum. 

In  making  experiments  to  prove  the  truth  of  the  theory  of 
tW  mechanical  powers,  as  it  is  impossible  to  obtain  materials 
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foid  of  weight,  the  young  meclianic  ought  to  be  apprized  of 
ceasity  of  taking  the  only  precanlion  in  his  power,  that 
f  perfectly  balancing  the  levers,  8cc.  before  the  weights  and 
towers  are  applied,  otherwise  his  results  will  not  be  uatisfac- 
Thos  a  lever  made  to  exemplify  the  theory  explained 
iiy  fig.  9,  pi.  I.  should  from  B  to  C  be  so  much  thicker  than 
■"  m  C  to  A,  that  BC  will  balance  CA  when  the  fulcrum  is  at 
lu  like  manner,  for  every  other  position  of  the  fulcrum. 
shorter  arm  of  the  lever  should  be  made  of  the  sume  weight 
.  s  the  longer. 
M  If  the  weight  to  be  raised  be  of  considerable  bulk,  ifiul  if  it 
■^  B  fixed  either  above  or  below  the  end  of  the  lever,  it  will  vary 
its  intensity  according  to  the  position  of  the  lever.  Let 
iftB,  fig.  13,  represent  a  Ie*er  having  a  weight  fixed  above  it, 
I  A,  of  which  the  centre  of  gravity  is  a,  and  the  line  of  di- 
tection  a  b;  then  a  A  is  the  point  in  the  lever  upon  which  the 
eight  acts;  but  if  the  lever  is  moved  inlr>  the  position  CD, 
ike  line  of  direction  of  tlie  weight  will  fall  nearer  to  the'ful- 
|%rum  of  the  lever,  and  consequently  act  with  less  force  upon 
[  but  if  the  lever  is  placed  in  the  direction  EF.  the  line  of 
iirection  will  fall  further  from  the  fulcrum,  and  Jherefore  its 
iction  on  the  lever  will  be  increased.  On  the  contrary,  op- 
posite etl'ects  will  take  place  when  the  weight  is  below  the 
lever,  as  represented  by  fig.  14. 

When  the  weight  is  suspended  from  the  lever  by  a  rope,  or 

•oy  flexible  material,  no  alteration,  as  exemplified  by  fig.  13, 

k^mvn  take  place,  because  the  point  of  suspension  or  point  of 

Miction  is  not  altered.     When,  therefore,  two  draymen  carry  a 

llbarrel  on  a  coulstatf,  to  which  it  is  suspended  by  a  chain,  the 

"^int  on  which  the  weight  acts  not  being  altered  by  inclining 

die  stafl'  in  going  up  or  down  hill,  each  man  will  sustain  the 

—  B  weight  as  if  on  level  ground.     But  if  they  carry  the 

el  upon  two  dog3,  then  the  weight  does  not  swing,  and 

Wit  centre  of  gravity  is  below  the  lever;  therefore  the  ooint  on 

|%hich  the  weight  acts,  will,  by  inclining  the  lever,  be  made 

,,*o  approach  the  highest  end;  and  the  first  man,  in  going 

down  hill,  by  having  this  point  removed  from  him,  will  be 

eased  in  part  of  his  burden,  and  the  last  man  will  have  hb 

equally  increased. 

If  several  levers  be  combined  together,  so  that  a  weight 
appended  to  the  first  lever,  may  be  supported  by  a  power 
applied  to  the  last,  as  in  fig.  15,  pi.  I.  where  three  levers  of 
the  first  kind  are  so  disposed  that  a  power  applied  to  the  point 
L  of  the  lever  C,  may  sustain  a  weight  at  the  point  S  of  the 
lever  A,  the  power  must  be  to  the  weight,  in  a  ratio,  or  pro- 
•fortiou  compounded  of  the  several  ratios  which  those  powers 
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that  can  sustain  the  weight  by  tbe  help  of  each  lever,  when 
used  singly  and  apart  from  the  rest,  have  to  the  weight.  For 
instance,  if  the  power  which  can  sustain  the  weight  W  by 
the  help  of  the  lever  A,  be  to  the  weight  as  1  to  5 ;  and  if  tM 
power  which  can  sustain  the  same  weight  by  the  lever  B  alone» 
oe  to  the  weight  as  1  to  4 ;  and  if  the  power  which  could  sus- 
tain the  same  weight  by  the  lever  C,  be  to  the  weight  as  1  to 
5 ;  then  the  power  which  will  sustain  them  by  the  help  of  the 
three  levers  joined  together,  will  be  to  the  weight  in  a  pror 
portion  consisting  of  the  several  proportions  multiplied  to- 
etherf  of  1  to  5,  1  to  4,  and  1  to  5;  that  is,  as  6x4x6,  or  of 
to  100.  For  since,  in  the  lever  A,  a  power  equal  to  one- 
fifth  of  the  weight  W,  pressing  down  the  lever  at  L,  is  suf- 
ficient to  balance  the  weight ;  and  since  it  is  the  same  thing 
whether  that  power  be  applied  to  the  lever  A  at  L,  or  the 
lever  B  at  S,  the  point  o  oearing  on  the  point  L,  a  power 
equal  to  one^fifth  of  the  weight  W,  being  applied  to  the 
point  S  of  the  lever  B,  will  support  the  weight ;  but  one-fourth 
of  the  same  power  being  applied  to  the  point  L  of  the  lever 
B,  and  pushing  the  same  upward,  will  as  effectually  depress 
the  point  S  of  the  same  lever,  as  if  the  whole  power  were 
applied  at  S ;  consequently  a  power  equal  to  one-fourth  of 
one-fifth,  that  is,  one-twentieth  of  the  weight  W,  being  applied 
to  the  point  L  of  the  lever  B,  and  pushing  up  the  same,  will 
support  the  weight.  In  like  manner,  it  matters  not  whether 
that  force  be  applied  to  the  point  L  of  the  lever  B,  or  to  the 
point  S  of  the  lever  C ;  since  if  S  be  raised,  L,  which  rests  on 
it,  must  also  be  raised ;  but  one-fifth  of  the  power  applied  at 
the  point  L  of  the  lever  C,  and  pressing  it  downwards,  will  as 
effectually  raise  the  point  S  of  the  same  lever,  as  if  the  whole 
power  were  applied  at  S,  and  pushed  that  lever  up ;  conse- 
quently a  power  equal  to  one-fifth  of  one-twentieth,  that  is, 
one-hundredth  part  of  the  weight  W,  bein^  applied  to  the 
point  L  of  the  lever  C,  will  balance  the  weight  at  the  point  S 
of  the  lever  A.  This  method  of  combining  levers  is  frequently 
used  in  machines  and  instruments,  and  is  of  great  service, 
either  in  obtaining  a  greater  power,  or  applying  it  with  more 
convenience. 


Of  the  Balance. 

The  common  balance,  the  extensive  utility  of  which,  in  com- 

f>aring  the  weights  of  bodies,  is  so  well  known,  consists  o(  a 
ever  of  the  first  kind,  the  arms  of  which  are  equal  in  length* 
The  points,  therefore,  from  which  the  weights  are  suspended. 
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Aeing  equally  dbttint  from  ihe  centre  of  motion,  will  move 
^th  eqiiul  velocity,  consequently,  if  equal  weights  be  applied, 
iHfceir  momenta  will  be  equal,  and  the  balance  remain  in  equi- 
librium. 

In  order  Id  have  a  balance  as  perfect  as  possible,  it  is  nc- 
issary  to  attend  to  the  following  circumstances  : 
1.  The  arms  of  the  beam  ought  to  be  exactly  equal  both  as 
weight  and  length,  and  should  at  tbe  same  time  be  as  long 
possible,  relatively  to  their  thickness,  and  the  weight  they 
kre  intended  to  support;  because  the  further  the  points  of  sus- 
pension are  from  the  centre  of  motion,  the  more  the  fliomen- 
'tOm  of  the  weights  is  increased,  and  tbe  more  sensible  will  be 
the  instrument. 

ii  2.  The  points  from  which  the  scales  are  suspended,  should 
be  in  a  right  line,  passing  through  the  centre  of  gravity  of  the 
beam  ;  tor  by  this  means  tbe  weights  will  act  directJy  against 
each  other,  and  no  part  of  either  will  be  lost,  on  account  of 
'any  oblique  direction. 

3.  If  the  fulcrum,  or  axis  of  motion,  passes  through  the 
centre  of  gravity  of  the  beam,  and  if  the  fulcrum  and  the 
points  of  suspension  be  in  the  same  right  line,  the  balance  will 
nave  no  tendency  to  one  position  more  than  another;  but  will 
test  in  any  position  it  may  be  placed  in,  whether  the  scales  be 
on  or  off,  empty  or  loaded,  provided  the  weight  in  each  scale 
be  the  same.  The  equality  of  two  weights  suspended  from  a 
beam,  where  the  centres  of  gravity  and  of  motion  are  thus  coin- 
cident, being  shewn  by  their  quiestuiice,  and  not  by  any  par- 
ticular posilion,  Buch  a  beam  i ;  ev  idently  inapplicable  to  com- 
Jnon  use,  for  which  but  one  position  ought  to  denote  the  equa- 
lity of  the  weights;  and  for  that  one,  the  horizontal  position 
is  the  most  convenient. 

T  If  the  centre  of  gravity  of  the  beam,  when  level,  be  imme- 
diately above  the  fulcrum,  it  will  overset  with  the  smallest  ac- 
tion ;  that  is,  th"e  end  which  is  the  lowest  will  descend  and 
not  rise  again,  and  it  will  descend  thns  with  more  swiftness, 
tbe  higher  the  centre  of  gravity,  and  the  less  the  points  of 
suspension  are  loaded.  Hence  such  a  beam  will  make  equal 
weights  appear  unequal.  If  the  centre  of  gravity  of  the  beam 
be  Below  the  fulcrum,  the  beam  will  not  rest  in  any  position 
tut  when  level ;  but  if  disturbed  from  that  position,  and  then 
left  at  liberty,  it  will  vibrate,  and  at  last  come  to  rest  on  the 
level.  In  a  balance,  therefore,  the  fulcrum  ought  always  to 
be  placed  a  little  above  tbe  centre  of  gravity.  Its  vibrations 
will  be  quicker,  and  its  horizontal  tendency  stronger,  the  lower 
the  centre  of  gravity,  and  tbe  less  the  weight  upon  the  noints 
of  suspension. 
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4.  The  friction  of  the  beam  upou  the  axis  oaght  to  be  u 
little  as  possible ;  because,  should  tiie  friction  be  considerable, 
tbe  force  required  to  OTercome  it  will  much  injure  the  senai- 
bility  of  the  instrument;  upon  which  account,  though  one 
weight  should  a  little  exceed  the  other,  the  greater  will  not 
preponderate,  if  the  excess  be  insufficient  to  overcome  tbe 
friction  and  bear  down  the  beam.  The  axis  of  motion  should 
be  formed  with  an  edge  like  a  knife,  and  made  very  hard* 
These  edges,  in  small  balances,  are  at  first  made  sharp,  and 
then  rounded  upon  a  fine  hone,  or  piece  of  buff  leather,  covered 
with  some  impalpable  cutting  powder.  This  operation  causes 
a  sufficient  bluntness  or  rolling  edge.  The  excellence  of  the 
instrument  depends  in  a  great  measure  upon  Uie  regular  form 
of  this  rounded  part.  Ihe  scales  should  be  hung  upon  an 
edge  of  the  same  kind. 

5.  The  pivots,  which  form  the  axis  of  motion,  should  be  in 
a  straight  line,  and  at  right  angles  to  the  beam. 

6.  The  rings,  or  pieces  on  which  the  axis  bears,  should  be* 
very  hard  and  well  polislied,  parallel  to  each  other,  and  of  an 
oval  figure,  that  the  axis  may  keep  its  proper  bearing,  or  al- 
ways remain  at  the  lowest  point 

7.  The  beam  should  always  be  made  so  strong,  as  to  be 
inflexible  by  the  greatest  weight  it  is  likely  to  sustain ;  as  if 
it  bend  it  will  be  rendered  less  sensible,  and  as  the  arms 
will  probably  bend  unequally,  the  balance  will  cease  to 
give  a  correct  result.  That  the  beam  may  not  be  thick 
or  clumsy  without  utility,  it  should  be  strongest  at  the 
middle,  from  which  part  to  the  points  of  suspension  it 
should  be  gradually  diminished  in  thickness,  because  the 
strain  upon  it  is  likewise  so  diminished.  In  small  balances, 
the  beam  is  mostly  round,  but  in  lar^e  ones  it  is  generally 
rectangular,  its  transverse  section  bemg  a  parallelogram,  of 
which  the  long  sides  are  vertical.  A  square,  a  round,  or  any 
other  form,  would  require  a  greater  quantity  of  metal  to  pos- 
sess the  same  strength. 

8.  Very  delicate  balances  are  not  only  useful  in  nice  expe- 
riments,  but  are  likewise  much  more  expeditious  than  others 
in  common  weighing.  If  a  pair  of  scales,  with  a  certain  load, 
be  barely  sensible  to  one-tenth  of  a  grain,  it  will  require  a 
considerable^  time  to  ascertain  the  weight  to  that  degree  of 
accuracy,  because  the  turn,  being  very  small,  must  be  ob* 
served  several  times  over.  But  if  no  greater  accuracy  were 
required,  and  a  balance  were  used  whicn  would  turn  with  the 
one-hundredth  part  of  a  grain,  a  tenth  of  a  grain  more  or  less 
wo.uld  make  so  great  a  difference  in  the  turn  that  it  would  be 
seen  immediately. 
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I.  A  curious  efiect  oauG«d  by  exciting  a  treniutou?  motion  in 
deserves  lo  be  noted.  If  a  balance  be  found  to  turn 
ith  a  cerlaJD  addition,  and  is  not  moved  with  any  smatler 
iglit,  a  greater  sensibtlity  may  be  given  to  thai  balance  by 
whig  a  iile,  a  saw,  or  any  similar  inslrnnient,  along  any 
,rt  of  the  beam  ot  its  support  j  for  the  jar  produced  by  this 
leration  will  diminish  the  friction  on  the  movina;  parts  so 
that  ihe  turn  will  be  evident  with  one-third  or  one- 
'ourth  of  the  addition  that  would  elae  have  been  required. 
In  this  way,  a  beam  which  would  hardly  turn  with  the  addl- 
of  one-tenth  of  a  grain,  will  turn  with  one-lhinielJi  or 
.^rtieUi  of  a  grain. 
i<  10.  When  the  arms  of  a  balance  are  unequal,  the  balance  is 
id  to  hej'ahe,  because  it  does  not  give  the  true  weight  of  the 
idy,  whether  it  be  suspended  from  the  shorter  arm  or  the 
iOnger  one.  There  »re,  however,  several  properties  of  the 
false  balance,  which  are  extremely  useful  in  the  estimation  of 
weights,  as  well  as  in  correcting  eiTors  which  may  have  arisen 
in  the  adjustment  of  the  true  balance. 

A  balance  with  unequal  arms  will  weigh  as  acciiriilely  as 
another  of  the  same  workmanship,  provided  the  standard 
weight  be  first  counterpoised,  then  taken  out  of  the  scale,  and 
the  thing  to  be  weighed  be  put  into  the  scale,  and  adjusted 
against  the  counterpoise.  Or  when  proportional  quantities 
only  are  considered,  as  in  chemical  and  other  philosophical 
experiments,  the  bodies  and  products  under  examination 
■1K»y  be  weighed  against  the  weights,  taking  care  always  to 
"  lUt  the  weights  into  the  same  scale ;  for  then,  though  the 
lodiea  may  not  be  equal  to  the  weights,  yet  their  proportions 
uuong  each  other  will  be  the  same  as  if  they  had  been  accu- 
rately so. 

A  weight  which  counterpoises  an  ounce  when  suspended  from 
the  longer  arm  of  a  false  balance,  being  added  to  the  wein;ht 
which  counterpoises  an  ounce  suspended  from  the  shorter  arm, 
will  always  be  greater  than  two  ounces.  Tbe  excess  is  that 
part  of  an  ounce  which  is  expressed  by  a  fraction,  of  which 
the  numerator  is  the  square  of  the  difference  of  the  arms,  and 
the  denominator  the  product  of  the  arms.  If  any  substance 
be  successively  weighed  from  the  longer  and  shorter  arms  of 
a  false  balance,  the  true  weight  will  ne  a  geometrical  mean 
between  the  false  weights. 

U.  But  though  the  equality  of  the  arms  may  not  always 
be  essential,  yet  it  is  indispensably  necessary  that  their  rela- 
tive lengths,  whatever  they  may  be,  should  continue  invariable. 
For  this  purpose,  it  is  requisite,  either  that  the  three  edges  be 
all  tiuly  parallel,  or  that  the  points  of  suspension  and  support 
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should  be  always  in  the  same  part  of  the  edge.    The  last  point 
is  the  most  easily  obtained. 

The  index  of  a  balance  is  that  slender  rod  rising  perpendi- 
cularly from  the  middle  of  the  beam,  of  which  it  shews  the 
inclination  from  the  horizontal  position.  A  sliding  weight  is 
sometimes  fitted  upon  the  index,  in  order  to  raise  or  depress 
the  centre  of  gravity  of  the  balance.  This  contrivance  is  use- 
ful in  adjusting  the  best  distance  between  the  centre  of  gra?i^ 
and  the  fulcrum. 

The  lever,  we  have  observed,  is  of  all  machines  the  most 
simple;  the  balance  is  merely  a  lever,  yet,  in  applying  it  to 
practice,  it  appears,  from  the  preceding  considerations,  that 
many  difficulties  are  to  be  encountered  before  it  becomes  fit- 
ted to  aSbrd  any  thing  like  accurate  results.  The  workman 
finds  it  a  severe  checK  upon  him,  to  keep  the  arms  equal, 
while  he  is  making  the  other  adjustments,  and  this  point, 
though  certainly  not  the  easiest  to  manage,  is  but  one  of  many 
in  which  he  ought  perfectly  to  succeed.  If  then  the  adjust- 
ment of  a  simple  lever  be  so  difficult  a  matter,  the  sources  of 
imperfection  in  complex  machines  may  well  be  supposed  to 
be  very  considerable.  Yet  when  we  regard  what  has  been 
actually  executed,  we  find  no  reason  to  conclude  that  the  in- 
genuity of  man  is  too  limited  for  his  happiness;  or  that  most 
of  the  obstacles  which,  at  present  baffling  us,  form  the  deside- 
rata of  human  knowledge,  will  not  in  time  be  removed.  In 
this  place,  it  may  gratify  the  reader  to  notice  the  neat  approxi- 
mation to  perfection  which  has  been  shewn  in  the  construc- 
tion of  the  balance. 

Muschenbroek  mentions  his  being  possessed  of  a  balance 
which  turned  with  one-fortieth  of  a  grain.  The  substances 
he  weighed  were  between  200  and  300  grains.  The  balance 
therefore  weighed  to  Tihjsj!  P^irt  of  the  whole. 

Two  accurate  balances  of  Bolton's  are  mentioned  in  the 
Philosophical  Transactions,  vol.  66.  One  of  them,  it  is 
said,  would  weigh  a  pound,  and  turn  with  one-tenth  of  a^ 
grain.  This,  supposing  the  pound  to  be  avoirdupoise,  is-T^^in 
of  the  weight,  and  shews  that  the  balance  could  be  dependea  ' 
on  to  four  places  of  decimals,  and  ^probably  to  five.  The 
other  balance  was  adaptea  to  weigh  half  an  ounce  or  under, 
and  turned  with  ^J^  of^  a  grain,  which  is  about  ^^777  of  the 
weight. 

In  the  same  volume  of  the  Philosophical  Transactions,  two 
other  balances,  one  of  them  Read*s,  and  the  other  Whitehurst's, 
are  noted.  Read*s,  when  loaded  with  55  pounds,  readily 
turned  with  one  pennyweight;  but  very  distinctly  turned  with 
{bur  grains  when  tried  more  patiently.    This  being  about ^^^i^nr 
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part  of  the  weight,  the  balance  may  be  well  depended  on  to 
five  places  of  figures. — Whitehurst*s  balance  weighs  one  penny- 
weight, and  is  sensibly  affected  with  ^x^jy^yof  a  grain,  wliich  is 
^i^^part  of  the  weignt. 

W.  Nicholson,  so  well  known  as  the  intelligent  author  of 
many  scientific  works,  obsetyes,  that  he  has  a  balance  made 
expressly  for  him  by  a  skilful  artist  in  London.  With  1200 
grains  in  each  scale,  it  turns  with  one-seventieth  of  a  grain. 
This  is^j^Ji^yof  the  whole;  and  therefore  about  this  weight 
may  be  known  to  five  places  of  figures.  The  proportional 
delicacy  is  less  in  greater  weights.  The  beam  will  weigh 
nearly  one  pound  troy,  and  when  the  scales  are  empty,  it  is 
affected  by  -j^cj^  of  a  grain.  On  the  whole,  it  may  be  usefully 
applied  to  determine  all  weights  between  100  and  4000  grains 
to  four  places  of  figures. 

A  balance  in  the  possession  of  Dr.  George  Fordyce,  is  men- 
tioned in  the  Philosophical  Transactions,  vol.  75.  It  was  made 
by  Ramsden,  and  turns  upon  points  instead  of  edges.  With  a 
load  of  four  or  five  ounces,*^  difference  of  one  division  in  the  in- 
dex was  made  by  t^Sfit  of  a  grain.  This  is  -jw^jfis  P^rt  of  the 
weight,  and  consequently  this  beam  will  ascertain  such  weights 
to  five  places  of  figures,  besides  an  estimate  figure. 

The  Royal  Society's  balance,  which  was  also  made  by  Rams- 
den, turns  on  steel  edges,  upon  planes  of  polished  chry  stal.  Ni- 
cholson, who  speaks  of  it  in  his  Chemical  Dictionary,  says  he 
was  assured,  that  it  ascertained  a  weight  to  the  seven-millionth 
part.  He  was  not  present  ajt  this  trial,  which  must  have  requir- 
ed great  care  and  patience,  as  the  points  of  suspension  could 
not  have  moved  over  much  more  than  one-fiftieth  of  an  inch  in 
the  first  half  minute  :  but  from  some  trials  which  he  saw,  he 
considered  it  probable,  that  it  might  be  used  in  general  prac- 
tice to  determine  weights  to  five  places  and  better. 

Tables  of  specific  gravities,  are  sometimes  carried  to  five,  six, 
and  even  seven  places  of  decimals ;  but  from  the  preceding 
account  of  balances  it  is  obvious,  that  experience  does  not  au- 
thorise the  practice;  and  that  deductions  founded  on  such  a 
supposed  accuracy  in  weighine*  are  of  a  very  questionable 
nature.  In  general,  where  weights  are  given  to  five  places  of 
figures,  the  last  figure  is  hypothetical ;  and  where  they  are 
carried  further,  we  nave  reason  to  doubt  the  veracity  or  com- 
petence of  the  experimentist. 

Of  the  Steel-yard. 

The  statera,  or  Roman  steel-yard,  is  a  lever  of  the  first  kind, 
%nd  is  used  for  finding  the  weights  of  different  bodies,  by  one 
single  weighty  placed  at  different  distances  from  the  prop  or 
13.— Vol.  I.  2  R 
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centre  of  motion  U,  fig.  16,  pi.  I.  The  shorter  arm  UM,  is  of 
such  a  weight  as  exactly  to  counterpoise  the  longer  arm  UN. 
If  the  longer  arm  be  divided  into  as  many  equal  parts  as  it  will  • 
contain,  each  equal  to  UO,  the  single  weight  Q  (which  we 
may  suppose  to  be  one  pound)  will  serve  for  any  thing  as  heavy 
as  itself,  or  as  many  times  heavier  as  there  are  divisions  in  the 
arm  UN  equal  to  the  distance  UO ;  or  any  quantity  between  its 
own  weight  and  that  quantity.  For  example,  if  Q  be  one  pound, 
and  be  placed  at  the  first  division  1,  in  the  arm  UN,  it  will 
balance  one  pound  in  a  scale  or  on  a  hook  at  P;  if  it  be  remov- 
ed to  the  second  division  at  2,  it  will  balance  two  pounds  at 
P;  if  to  the  third,  three  pounds,  and  so  on  to  the  end  of  the  arm 
UN.  If  these  integ-ral  divisions  be  subdivided  into  as  mauv 
equal  parts  as  a  pound  contains  ounces,  and  the  weight  Q  be 
placed  at  any  of  these  subdivisions,  so  as  to  counterpoise  the 
goods  in  the  scale,  the  pounds  and  odd  ounces  of  those  goods 
will  by  that  means  be  ascertained. 

In  the  Danish  and  Swedish  steel-yard,  the  body  to  be  weigh- 
ed, and  the  constant  weight,  are  fixed  at  the  extremities  of  the 
steel-yard,  but  the  point  of  suspension  or  centre  of  motion, 
moves  along  the  lever  till  the  equilibrium  takes  place.  The 
centre  of  motion  therefore  shews  the  weight  of  the  body.- 


Of  the  Pulley. 

The  pulley  is  a  small  wheel  turning  on  an  axis,  with  a  draw- 
ing rope  passing  over  it.     The  circumference  of  the  pulley  is 
generally  hollowed  to  receive  the  rope,  which  is  attached   c)?i 
the  one  hand  to  the  moving  power,  and  on  the  other  to  th( 
resistintj  force. 

The  pulley  is  usually  called  a  sheave,  and  is  so  fixed  in  n 
frame  or  block,  as  to  be  moveable  on  a  pin  passing  thron<^h  its 
centre.  When  pulleys  are  made  of  wood,  a  ring  of  iron  or 
brass  is  generally  let  into  the  middle  of  them,  to  work  upon 
the  pin,  as  they  would  otherwise  wear  unequally,  and  their 
motion  would  then  be  impeded  by  an  increased  degree  of 
friction. 

AJixed  pulley  is  one  which  has  no  motion  except  upon  its 
axis;  a  moveable  pulley  is  one  which  rises  and  falls  with  the 
uf'ight.  The  expression  "moveablepulley"  is  clear  enough,  but 
the  epithet^'xed  being  rather  calculated  to  exclude  the  idea  of 
motion  entirely,  the  expression  "fixed  pulley,"  requires  more 
particular  notice  from  those  to  whom  the  subject  is  new. 

The  gorge  or  groove  of  a  pulley,  is  the  hollow  part  of  the  cir- 
jumference  which  receives  the  rope  or  cord ;  it  is  frequently  hoi- 
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■oued  out  aagularly,  so  that  the  rope  is,  by  the  preBsure, 
»  wedged  in  the  angle,  that  it  cai.not  glide  or  slip  in  its 
botion. 

A  pair  of  blocks,  with  the  rope  fastened  round  itt  is  coia> 
RQonly  called  a  tackle. 

Two  equal  weights  attached  to  the  ends  of  a  rope  going  over 
k  fixed  pulley,  ns  tig.  1,  pi.  II.  will  balance  each  other,  I'oi 
ihey  stretch  the  rope  equally,  and  if  either  of  them  be  pulled 
'      1  through  any  given  space,  the  other  will  rise  through  an 
ajual  space  in  the  same  time,  and  consequently  as  their  velo- 
Btties  are  equal,  they  must  balance  each  other.     This  kind  of 
pulley,  therefore,  gives  no  mechanical  advantage,  but  the  use 
f  it  IB  a  source  ofgreat  convenience.    It  serves  to  change  the 
irection  of  draught;  it  gives  a  man  an  opportunity  of  apply- 
r  his  weight  instead  of  his  muscular  strength,  but  not  of  lift- 
ing more  than  his  weight;  it  also  enables  a  man  to  raise  a 
ireight  to  any  point,  without  moving  from  the  place  he  is  in, 
ti^hereas  he  would  otherwise  have  been  obliged  to  ascend  with 
E^e  weight;  and,  lastly,  by  it  several  men  may  apply  their 
Strength  to  the  weight  by  means  of  the  rope,  with  as  much 
'"  Dility,  under  the  same  circumstances,  as  one  person  only. 
In  treating  of  the  lever,  it  might  have  been  observed,  that 
Ibe  prop  may  be  regarded  as  a  third  power,  which   keeps  in 
librium  the  motive  force  and  the  resistance,  or  which  con- 
wiih  the  one,  to  enable  it  to  sustain  the  eflbrtof  the  other, 
r  the  lever  of  the  second  order.  AB,  fig.  3,  have  its  fulcrum 
t  B,  the  weight  in  the  middle  at  C,  and  the  power  at  A,  hiilf 
ight  being  supported  by  the  fulcrum,  a  power  equal  to 
lljie  other  half  will  Keep  it  in  equilibrium.     This  will  apjily 
I  the  illustration  of  the  action  of  pulleys,  which,  when  the 
ght  is  appended  to  the  circumference,  may  be  considered 
levers  of  the  first  kind,  and  when  the  weight  is  ap]iended 
a  the  centre,  they  may  be  considered  as  levers  of  the  second 
'    1 :  hence  the  ropes  a  b,  fig.  1,  hanging  at  equal  distances 
I  the  centre,  c,  (which  must  be  regarded  as  the  fulcrum.) 
rqual  weights  must  be  in  equilibrium,  exactly  as  they  would 
ilaced  in  the  scales  of  a  common  balance.     But  if  one 
WEijiht  be  further  from  the  centre  or  fulcrum  than  the  other, 
will  balance  each  other  only  as  they  would  in  a  steel- 
ird.  and,  therefore,  though  still  a  lever  of  the  first  kind,  a 
IS  weight  will  suspend  a  greater.     Thus,  if  the  pulley,  as  in 
;-  2,  have  ditferent  goi-ges,  and  the  weight  R  of  six  ounces. 
_    i  hung  at  the  distance  of  one  inch  from  the  fulcrum,  c,  and 
Uie  weight  S  of  three  ounces  be  hung  nt  the  distance  of  two 
inches  from  the  same  centre;  the   iwn  weights  K   and   S. 
though  io  the  proportion  of  2  tn  1.  Mill  balance  each  other. 
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If  the  weight  S  were  only  two  ounces,  it  would  produce  die 
same  effect  upon  R,  provided  its  distance  from  the  fulcrum 
were  proportioned  to  the  diminution  of  its  weight;  that  is,  if 
it  were  three  times  as  far  from  the  centre  c,  as  R. 

We  have  now  to  shew  that  the  moveable  puUey  acts  like  t 
lever  of  the  second  order»     Let  the  moveable  pulley  A,  fig,  4, 

1.  II,  be  fixed  to  the  weight  W,  with  which  it  rises  and  falls. 

n  comparing  it  with  the  lever  alluded  to,  the  fulcrum  must  be 
considered  as  at  F;  the  weight  acts  upon  the  centre  c,  bj 
means  of  the  neck  cA;  the  power  is  applied  at  D;  and  the 
line  DF  will  represent  the  lever.  The  power,  therefore,^ 
in  fig.  3,  is  twice  as  far  from  the  fulcrum  as  the  weight* 
and  the  effect  in  both  cases  is  alike,  viz.  the  proportion  oe- 
tween  the  power  and  the  weight,  in  order  to  balance  each 
other,  must  be  as  1  to  2.  It  is  evident,  therefore,  that  the 
I  ISO  of  this  pulley  doubles  the  power,  and  that  it  will  enable  a 
i.iiiu  to  raise  twice  as  much  as  oy  his  strength  alone.  Or,  as 
variety  in  illustration  will  sometimes  catch  the  attention,  and 
familiarize  a  subject  to  some  whose  ideas  of  it  would  not 
otherwise  be  distinct,  the  action  of  this  pulley  may  be  viewed 
in  a  light  somewhat  different  from  the  above.  Every  move- 
able pulley  may  be  considered  as  hanging  by  two  ropes 
equally  stretched,  and  which  must  consequently  bear  equal 

Earts  of  the  weight;  the  rope  FG  being  made  fast  at  G, 
alf  the  weight  is  sustained  by  it,  and  the  other  part  of  the 
rope,  to  which  the  power  is  applied,  has  only  the  other  hall 
of  the  weight  to  support;  consequently  the  advantage  gained 
is  as  2  to  1. 

When,  as  in  fig.  6,  the  upper  and  fixed  block,  or  pulley- 
frame,  contains  two  pulleys,  which  only  turn  upon  their  axes, 
and  the  lower  moveable  block  contains  also  two,  which  not 
only  turn  on  their  axes,  but  rise  with  the  weight  W,  the  ad- 
vantage gained  is  as  4  to  1 ;  for  each  lower  pulley  will  b^ 
acted  upon  by  an  equal  part  of  the  weight ;  ana  because  each 
pulley  that  moves  with  the  weight,  diminishes  one-half  the 
power  necessary  to  keep  the  weight  in  equilibrium,  the  power 
oy  which  W  may  be  sustained  will  be  eaual  to  half  the 
weight  divided  by  the  number  of  lower  pulleys ;  that  is,  as 
twice  the  number  of  the  lower  or  moveable  pulleys  is  to  1, 
80  is  the  weight  suspended  to  the  power.  But  if  the  ex- 
tremity A,  fig.  6,  be  fixed  to  the  lower  block,  it  will  sustain 
half  as  much  as  a  pulley ;  consequently  here  the  rule  will  be, 
as  twice  the  number  of  moveable  pulleys,  adding  unity,  is  to 
1,  so  is  the  weight  to  the  power.  To  prevent  the  ropes  a  and 
b  from  rubbing  against  each  other,  the  upper  fixed  pulley 
may  have  a  double  gorge.     The  pulley  d  belongs  not  to  the 
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system  of  pulleys,  it  is  merely  used  in  the  plate,  to  separatffl^ 
from  the  ropes,  and  shew  more  distinctly  the  power,  P. 

If  instead  of  one  rope  going  round  all  the  moveable  pulleys, 
the  rope  belonging  to  each  of  them  be  made  fast  at  the  top.  aa, 
in  fig.  7,  a  difl'erent  proportion   between  tlie  power  mid  the   ' 
weiglu  will  take  place.     Here  it  is  evident,  that  each  moveable 

fiulley  doubles  the  power;  thus,  if  there  are  two  moveable  pul- 
eys,  the  power  will  sustain  four  times  its  own  force  or  weight; 
if  three  pulleys,  eight  times  its  owu  weight;  if  four  pullcya^ 
sixteen  tunes  its  own  weight.  In  the  figure  where  three  moveff~ 
able  pulleys  are  shewn,  the  weight  W,  of  sixteen  ounces,  iu 
supported  by  the  power  P,  of  two  ounces.  This  arrangemencr 
of  pulleys  takes  up  much  room,  raises  the  *eight  very  slowly^ 
and  is  not  convenient  to  fit  up.  It  is  therefore  seldom  used, 
notwithstanding  the  great  power  gained. 

These  rules  are  applicable,  whatever  may  be  the  number  of 
pulleys  employed. 

The  large  space  occupied  by  pulleys,  when  arranged  under 
each  other,  as  in  fig.  o  and  6,  is  an  inconvenience  that  would 
often  render  them  useless,  and  such  an  arranp;emenl  would 
increase  the  liability  to  entanglement,  particularly  on  ship- 
boaid;  it  is  therefore  common  to  place  all  the  pulleys  in  each 
bloi^k  on  the  same  pin,  by  the  side  of  each  other,  as  in  tig.  8, 
The  advantage,  and  the  rule  for  the  power,  are  the  same 
here  as  in  fig.  5.  In  this  kind  of  tackle,  the  ropes  are 
not  exactly  parallel,  a  direction  which  sho.uld  be  preserved 
as  much  as  possible ;  but  th^  defect  is  not  very  consider* 
able. 

The  reason  of  the  parallel  direction  of  the  ropes  being  better 
than  an  oblique  one,  is  that  less  power  is  required  to  sustain 
the  same  weight;  and  in  proportion  to  the  obliquity  of  the 
ropes  must  be  the  increase  of  the  power.  When  tliere  are 
many  pulleys  in  the  same  block,  and  the  end  of  the  rope  to 
which  the  power  is  applied  tenuiuateB  over  one  of  the  0>)tside 
pulleys,  that  pulley  always  endeavours  to  get  into  a  line  with 
the  centre  of  suspension  or  middle  of  the  moveable  nuUeys, 
from  which  the  weight  hangs.  In  conse<iuence  of  this,  the 
friction  of  the  pulleys  against  the  sides  of  the  block  is  so  great 
as  sometimes  to  equal  the  power.  Hence  the  multiplicattoii 
of  pulleys  thus  used,  soon  ceases  to  be  advantageous;  they 
are  seldom  effective,  if  their  number  exceeds  three  or  four. 
Smeaton,  the  eminent  engineer,  was  the  first  who  disencum- 
bered himself  of  the  difficulty  here  statE:d,  by  making  the  rope 
torminate  over  the  middle  pulley  or  sheave  in  the  fixed  blooV 
Bbich  is  thereby  kept  perpendicularly  under  the  other,  and  the 
^tion  of  the  sheaves  is  on  their  centres  df  motion  only.    The 
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number  of  sheaves  must  always  be  uneven,  or  this  improve* 
ment  cannot  be  adopted. 

To  avoid  as  much  as  possible  the  friction  and  shaking 
motion  of  a.  combination  or  pulleys,  James  White,  a  very  able 
mechanic,  invented  and  obtained  a  patent  for  the  concentrip 
pulley,  fig.  9.  M  and  N  are  two  of  these  pulleys,  one  of  them 
Deing  fixed,  the  other  moveable.  They  are  usually  made  of 
brass,  and  answer  the  purpose  of  as  many  distinct  pulleys  ts 
there  are  grooves.  In  this  case,  as  in  fig.  5,  the  weight  being 
divided  among  the  number  of  ropes,  a  power  of  1  will  support 
a  weight  of  12. 

In  speaking  simply  of  a  system  of  pulleys,  the  common  ar- 
rangement of  them  is  meant,  viz.  that  where  the  number  of 
ropes  is  just  twice  the  number  of  the  moveable  pnlleys.  Fig. 
4,  5,  and  8,  are  all  systems  of  this  kind.  The  ropes  are 
spoken  of  as  if  they  were  in  different  lengths,  but  it  can 
hardly  require  an  observation,  that  the  expression  is  used 
merely  because  it  is  convenient,  and  that  there  is  in  fact  but 
one  rope,  the  parts  of  which  are  alluded  to  as  if  they  were 
separate. 

it  has  been  shewn,  in  illustrating  fig.  2.  pi.  II,  that  by 
means  of  a  pulley  of  several  grooves,  the  actions  of  two 
unequal  powers  may  be  made  to  balance  each  other.  In 
like  manner,  a  constant  equilibrium  or  relation  may  be  pre- 
served between  two  powers,  the  relative  forces  of  which 
continually  change.  Watchmakers  derive  great  advantage 
from  the  application  of  this  principle  to  their  work.  Toe 
spring  of  a  watch  always  acts  with  the  greatest  power  imme- 
diately after  it  has  been  wound  up,  and  its  power  is  continu- 
ally but  gradually  diminishing,  till  the  watch  stops.  If  this 
inequality  of  the  maintaining  power  operated  upon  the  wheels, 
the  watch  would  not  go  two  successive  hours  at  the  same 
rate ;  but  the  effects  of  it  are  completely  avoided  by  the  pe- 
culiar conformation  of  the  pulley  off  which  the  spring  draws 
the  chain.  Instead  of  many  concentric  gorges  upon  the 
fusee,  they  make  only  one,  but  that  one  is  in  a  spiral  form 
upon  a  truncated  cone,  see  fig.  10.  When  the  watch  is  wound 
up,  the  chain  extends  from  tne  upper  or  narrowest  part  e,  to 
the  spring-box.  The  spring  is  then  at  the  strongest ;  but  it 
acts  on  a  part  so  near  tne  centre  of  motion,  or  axis  F  G,  that 
its  power  on  the  wheels  is  the  same  as  just  before  it  stops, 
when  its  absolute  strength  is  much  diminished  ;  and  its  weak- 
ness is  favoured  by  pulling  at  a  longer  lever,  or  at  a  greater 
distance  from  the  centre  of  motion,  that  is.  at  f.  !Wow  as 
the  alteration  in  the  power  of  the  spring  from  its  greatest  to 
its  least  strength  is  gradual,  so  is  the  extension  of  the  lever,  or 
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increase  of  the  distance  from  the  centre  of  motion,  FG,  also 

f;radual  between  the  extremes  ef;  therefore  the  spring  and  the 
usee  may  be  so  adjusted  to  each  other,  that  the  power  operat- 
ing upon  the  wheels  will  always  be  the  same. 

We  have  postponed  till  now  one  remark  which  the  reader 
has  probably  anticipated,  viz.  that  it  is  convenien(fe  alone,  and 
not  any  actual  increase  of  power,  which  we  gain  by  machines; 
for  in  all  contrivances  by  which  power  is  gained,  a  propor- 
tional lods  of  time  is  suffered.  This  is  evident  from  a  consi- 
deration of  the  properties  of  the  lever;  and  is  still  more  evi- 
dent, if  possible,  in  considering  the  action  of  pulleys.  If  one 
man,  by  means  of  a  tackle,  can  raise  as  mucn  weight  as  ten 
men  could  by  their  unassisted  strength,  he  will  be  ten  times 
as  long  in  performing  his  task.  Suppose  a  man  at  the  top  of 
a  house  draws  up  ten  weights,  one  at  a  time,- by  a  single  rope, 
m  ten  minutes,  let  him  have  a  tackle  of  five  moveable  pulleys, 
and  he  will  draw  up  the  whole  ten  at  once  with  the  same  ease 
as  he  before  raised  up  one;  but  in  ten  times  the  time,  that  is, 
in  ten  minutes.  Thus  we  seethe  same  work  is  performed  in 
the  same  time,  whether  the  tackle  be  used  or  not;  but  the  con- 
venience is,  that  if  the  whole  of  the  ten  weights  were  in  one 
mass,  they  may  be  raised  with  the  tackle,  though  it  would  be 
impossible  to  move  them  by  the  unassisted  strength  of  one 
man. 

Or  suppose,  instead  often  weights,  a  man  draws  ten  buckets 
of  water  from  the  hold  of  a  ship  in  ten  minutes,  and  that  the 
ship  being  leaky,  admits  an  equal  quantity  in  the  same  time. 
•  It  is  proposed,  that  by  means  of  a  tackle  he  shall  raise  a 
bucket  ten  times  as  capacious  with  the  same  exertion  of 
strength.  With  this  assistance,  he  draws  up  the  large  bucket, 
but  in  as  long  a  time  as  he  employed  to  draw  up  the  ten,  and 
therefore  he  is  as  far  from  gaining  on  the  water  in  the  latter 
case  as  in  the  former. 

The  remark,  that  whatever  is  gained  in  power  is  lost  in  time, 
would  be  perfectly  correct,  even  if  machines  were  destitute  of 
friction  and  of  inertia,  but  as  these  hinderances  are  always 
present,  the  truth  is,  as  we  shall  afterwards  see,  that  power, 
instead  of  being  increased  by  the  use  of  machines,  is  actually 
diminished.  The  convenience,  however,  which  is  obtained  by 
a  well  constructed  machine,  is  an  ample  recompense  for  the 
actual  loss  of  power. 

Of  the  Wheel  and  Axle. 

The  wheel  and  axle,  sometimes  called  the  axx%  in  peritrochiu, 
is  a  machine  of  the  most  extensive  utility,  and,  to  suit  different 
nurposes,  is  greatly  diversified  in  form.     It  is  nearly  allied  to 
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the  pulley ;  the  same  illustrations  will  frequently  serve  for 
them  both ;  and,  like  the  pulley,  it  may  be  considered  as  an 
assemblage  of  levers,  or  a  perpetual  lever,  because  from  ita 
constant  renewal  of  the  points  of  suspension  or  resistance,  it 
frees  us  from  the  great  defect  of  the  simple  lever,  which  can 
only  be  used  to  raise  weights  to  small  elevations. 

This  mechanical  power  consists  generally  of  a  wheel  with 
an  axis  fixed  to  it,  so  as  to  turn  round  with  it ;  the  power  being 
applied  at  the  circumference  of  the  wheel,  the  weight  to  be 
raised  is  fastened  to  a  rope  which  coils  round  the  axis.  But  a 
machine  which  has  in  reality  no  wheel,  comes  under  the  deno* 
mination  of  the  wheel  and  axle;  such  is  a  windlass,  where  an 
axle  is  turned  by  a  winch  or  handle :  here  the  handle  is  virtually 
the  wheel,  its  revolution  renders  it  a  perpetual  lever,  its  power 
is  the  same  as  that  of  a  wheel  whose  circumference  is  equal  to 
the  circumference  of  the  circle  the  handle  describes,  and  there- 
fore the  machine  is  identified  with  the  wheel  and  axle. 

A 13,  fig.  II,  is  a  wheel,  and  CD  an  axle  fixed  to  and  mov- 
ing* round  with  it.  If  the  rope*  which  goes  round  the  wheel 
be  pulled,  and  the  wheel  be  turned  once  round,  it  \;^  evident 
that  so  much  rope  will  be  drawn  oif  ns  would  encompass  the 
wheel;  but  while  the  wheel  turns  once  round,  the'axle  turns 
once  round,  and  consequently  the  rope  by  which  the  weight 
is  suspended  will  wind  once  round  the  axle,  and  the  weight 
will  be  raised  through  a  space  equal  to  the  circumference  of 
the  axle.  Hence  the  velocity  of  the  power  will  be  to  that  of 
the  weight,  as  the  circumference  of  the  wheel  is  to  the  cir- 
cumference of  the  axle.  This  being  the  case,  the  weight  and 
the  power  will  be  in  equilibrium,  when  the  one  is  to  the  other 
as  the  circumference  of  the  wheel  is  to  the  circumference  of 
the  axle. 

Mathematicians  demonstrate,  that  the  circumferences  of  dif- 
ferent circles  bear  the  same  proportion  to  each  other  as  their 
respective  diameters;  consequently,  the  power  and  the  weight 
will  balance  each  other,  when  the  power  bears  the  same  pro- 
portion to  the  weight  that  the  diameter  of  the  axis  bears  to  the  dia- 
meter of  the  wheel.  Thus,  let  fig.  2,  pi.  II,  which  in  a  preced- 
ing page  was  considered  as  a  pulley  of  two  concentric  grooves, 
be  now  considered  as  a  wheel  and  axle ;  d  e  representing  the  dia- 
meter of  the  axle,  which  we  will  suppose  to  be  one  inch;  dnidj'g 
the  diameter  of  the  wheel,  which  we  will  suppose  to  be  six 
inches;  then  one  ounce  acting  as  the  power,  S,  will  balance  a 
weight  or  resistance  of  six  ounces  acting  as  a  weight,  R.  In 
whatever  form  the  machine  presents  itself,  this  proportion  be- 
tween the  power  and  the  weight  will  subsist,  when  the  power  is 
applied  to  the  circumference  of  the  wheel,  or  to  a  winch,  as  at 
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the  same  cause,  the  pinion  soon  becomes  foul,  as  the  dust 
which  lies  upon  the  acting  faces  of  the  wheels  is  pushed  into 
the  hollows  oetween  them.  One  advantage,  however,  attends 
this  mode  of  action,  for  it  allows  us  to  make  the  teeth  of  the 
large  wheel  rectilineal,  and  thus  renders  the  labour  of  the 
mechanic  less,  and  the  accuracy  of  his  work  greater,  than  if 
they  had  been  of  a  curvilineal  form.  If  the  teeth  therefore  of 
the  wheel  are  made  rectilineal,  having  their  surfaces  directed 
to  the  wheel's  centre,  the  acting  surfaces  of  the  leaves  must 
be  epicycloids  formed  by  a  generating  circle,  whose  diameter 
is  equal  to  the  sum  of  the  radius  of  tne  wheel,  added  to  the 
deptn  of  one  of  its  teeth,  rolling  upon  the  circumference  of 
the  pinion.  But  if  the  teeth  of  the  wheel  and  the  leaves  of 
the  pinion  are  made  curvilineal,  the  acting  surfaces  of  the  teeth 
of  the  wheel  must  be  portions  of  an  interior  epicycloid  formed 
by  any  generating  circle  rolling  within  the  concave  superficies 
of  the  large  circle,  and  the  acting  surfaces  of  the  pinion  s  leaves 
must  be  portions  of  an  exterior  epicycloid,  produced  by  roll- 
ing the  same  generating  circle  upon  the  convex  circumference 
of  the  pinion. 

When  the  teeth  of  the  large  wheel  are  cylindrical  spindles, 
either  fixed  or  moveable  upon  their  axis,  an  exterior  epicycloid 
must  be  formed  like  DNM,  in  fig.  14,  pi.  IV,  by  a  generating 
circle  whose  radius  is  ACf  rolling  upon  the  convex  circumfe- 
rence FCK;  AC  being  in  this  case  tne  diameter  of  the  wheel, 
and  FCK  the  circumference  of  the  pinion.  By  means  of  this 
epicycloid,  a  curve  OPT  must  be  fxjrmed  as  before  described, 
which  will  be  the  proper  curvature  for  the  acting  surfaces  of  the 
leaves  of  the  pinion,  when  the  teeth  of  the  wheel  are  cylin- 
drical. In  determining  the  relative  diameter  of  the  wheel 
and  pinion  for  this  mode  of  action,  the  radius  of  the  wheel  is 
reckoned  from  its  centre  to  the  extremity  of  its  teeth,  aiid  the 
radius  of  the  pinion  from  its  centre  to  the  bottom  of  its  leaves. 
.  The  third  mode  in  which^one  wheel  may  drive  another,  viz. 
"  when  the  teeth  of  tl>e  wheel  begin  to  act  upon  the  leaves  of 
the  pinion  before  they  arrive  at  the  line  of  centres,  and  continue 
to  act  after  they  have  passed  that  line,"  remains  to  be  con- 
sidered. It  is  represented  by  fig.  1,  pi.  V,  and  as  it  is  a 
combination  of  the  two  first  modes,  it  partakes  both  of  their 
advantages  and  disadvantages.  It  is  evident  from  the  fieure, 
that  the  portion  e  h  pf  the  .ooth  acts  upon  the  part  b  c  of  the 
leaf  till  tliey  reach  the  line  of  centres  AB,  and  that  the  part 
e  d  of  the  tooth  acts  upon  the  portion  &  a  of  the  leaf  after  tney 
have  passed  that  line.  It  follows,  therefore,  that  the  acting 
parts  e  h  and  b  c  must  be  formed  according  to  the  directions 
given  for  the  first  mode  of  action,  and  Uiat  the  remaining 
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[  E,  fig.  1 1,  and  the  weight  to  the  axle.    Therefore  if  W  be  100 

[  lbs.  aod  the  power,  P,  or  a  force  acting  at  E,  be  equal  to  lOlbs, 

>«tippo&ing  the  diameter  of  the  wheel,  or  the  diameter  of  the 

I  Itircle  described  by  the  winch,  to  be  ten  times  greater  than  the 

■  Siaineter  of  the  axle,  they  will  be  in  equilibrium,  and  a  small 

additional  force  will  cause  the  wheel  to  turn  with  its  axle,  and 

raise  the  weight,  and  for  every  inch  which  the  weight  rises, 

the  power  will  fall  ten  inches 

When  the  wheel  and  axle  are  considered  as  a  perpetual  le- 
ver, the  fulcrum  is  the  centre  of  the  axle,  the  longer  arm  is 
the  radius  of  the  wheel,  and  the  shorter  arm  the  radius  of  the 
axle.  From  this  again  it  is  evident  that  the  longer  the  wheel, 
and  the  smaller  the  axle,  the  stronger  is  the  power  of  the  ma- 
chine; but  then,  as  in  other  instances,  the  drawback  on  the 
power  gained  is  the  time  lost,  which  is  always  proportionate 
to  the  disparity  between  them, 

A  capstan  is  an  axle  or  cylinder  of  wood,  with  holes  in  it, 
in  which  levers  are  inserted,  to  turn  it  round ;  these  are  like 
the  Epokei  of  a  wheel  without  the  rim. 

In  some  cases,  the  weight  is  not  connected  with  the  axle  by 
a  rope,  but  is  immediately  affixed  to  the  axle  itself.  A  bell, 
which  is  moved  in  ringing  by  a  wheel  and  axle,  is  an  example 
of  this:  here,  in  once  turning  the  bell  round,  the  velocity 
of  the  bell  is  as  the  circumference  described  by  its  centre  of 
gfapity. 

On  the  other  hand,  in  what  is  called  the  circular  crane,  the 
power  is  not  applied  to  the  wheel  by  means  of  a  rope,  nor 
does  it  act  upon  any  handle  or  spokes,  but  by  a  man  walking 
witliin  the  wheel;  as  the  man  steps  forward,  the  part  upon 
which  he  treads  becomes  the  heaviest  part  of  the  wheel,  and 
descends  till  it  is  the  lowest.  Thus  he  keeps  going  on,  and 
by  treading  upon  every  part  of  the  wheel's  circumference  in 
its  turn,  the  revolution  is  effected.  This  mechanical  contriv- 
ance is  unwieldy,  from  the  necessity  of  employing  a  large 
wheel,  and  its  power  insignificant,  because  the  man  can  ascend 
so  little'  from  the  bottom  of  the  wheel.  It  is  also  unsafe  for 
the  man,  for  if  the  rope  suspending  the  weight  give  way,  or 
Lbis  feet  slip,  be  is  exposed  to  the  greatest  danger. 

In  considering  the  theory  of  the  wheel  and  axle,  the  rope  is 
lilBppoEed  to  have  no  sensible  ibickness;  but  if  the  rope  is 
I  thick,  or  if  there  is  several  folds  of  it  round  the  axle,  in  ob- 
I  taining  the  radius  of  the  axle,  the  measurement  must  he  made 
^to  the  middle  of  the  outside  rope;  for  it  is  plain,  that  the  dis- 
itiDce  of  the  tveighl  is  us  effectually  increased  by  the  coiliog 
jf  the  fopi.-  as  by  any  other  means, 
r  4  If  teeth  4le  cut  m  the  circumference  of  a  wheel,  aad  if 
14— Vui,  :  2  S 
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they  work  in  the  teeth  of  another  wheel  of  the  same  size,  aft 
fig.  1,  pi.  Ill,  it  is  evident  that  both  the  wheels  will  revolve  in 
the  same  time ;  and  the  weight  appended  to  the  axle  o£  the 
wheel  B,  will  be  raised  in  the  same  time  as  if  the  axle  had 
been  fixed  to  the  wheel  A.  But  if  the  teeth  of  the  second 
wheel  be  made  to  work  in  teeth  made  in  the  axle  of  the  first*. 
as  fig.  2,  every  part  of  the  circumference  of  the  wheel  D,  ib 
applied  successively  to  the  circumference  of  the  axle  £,  of  the 
first  wheel  C;  and  as  E  is  much  less  than  D,  it  is  evident  that 
it  must  go  round  as  many  times  oftener  than  D,  as  the  circum 
ference  of  D  exceeds  its  own  circumference ;  or,  which  amounts 
to  the  same  thing,  if  the  number  of  teeth  in  the  axle  E,  be 
divided  by  the  number  of  teeth  in  the  wheel  D,  the  product 
4f  ill  shew  the  number  of  revolutions  which  E  will  make  for  one 
revolution  of  D.  In  order  to  obtain  a  balance  here,  between 
the  power  P,  and  the  weight  W,  the  power  must  be  to  the 
weight,  as  the  product  of  the  circumferences  or  radii  of  the 
two  axles  multiplied  together,  is  to  the  circumferences  or 
radii  of  the  two  wheels.  This  will  become  sufficiently  clear, 
if  the  whole  be  considered  as  a  compound  lever,  the  explana- 
tion of  which,  as  given  in  its  proper  place,  will  shew  that  fig. 
2,  requires  the  same  proportion  between  the  weight  and  the 
power,  and  therefore  is  represented  by  the  compound  lever, 
fig.  3.  The  dotted  lines  shew  those  halves  of  the  wheels  and 
axle,  of  which  the  different  parts  of  the  lever  are  equal  to 
the  radii. 

Instead  of  a  combination  of  two  wheels,  three  or  four,  or 
any  number  of  wheels,  may  work  in  each  other,  ana  by  thus 
increasing  the  number  or  wheels,  or  by  proportioning  the 
wheels  to  the  axles,  any  degree  of  power  may  be  acquired. 
]^y  increasing  the  length  of  the  axle,  by  varying  the  sizes  of 
the  wheels,  and  placing  their  teeth  sometimes  on  the  circum- 
ference, and  sometimes  on  the  side  of  the  rim,  the  action  of 
the  power  may  be  transmitted  to  a  distance,  the  direction  of 
the  movement  changed,  and  any  given  velocity  assigned  to 
particular  parts. 

What  we  have  uniformly  called  the  teeth  of  wheels,  are  not 
in  all  cases  distinguished  by  that  name,  though  they  always 
are  so  when  the  work  is  small,  as  clockwork,  and  generally 
when  the  wheels  are  made  of  metal,  whatever  be  the  size  of 
the  work  ;  but  in  large  works,  where  the  wheels  are  of  wood, 
and  the  teeth  are  separate  pieces  ihortised  into  the  rim,  they 
are  called  cogs. 

It  may  also  be  observed,  that  we  have  called  the  small 
wheel  E,  fig.  2,  pi.  Ill,  an  axle,  because  in  point  of  reasoning 
as  to  the  effect,  it  is  the  same  thing  whether  it  is  really  a 
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toothed  axle,  or  a  wheel  of  that  size  upon  ti  small  axle.     For 

the  sake  of  distinction,  llie  small  whtel  E  is  called  by  rae- 

l  chanics  a  pinion,  and  soinetiuie:^  a  nut.    Its  teeth  are  also  called 

I  leaves.     In  large  machines,  trundles  are  frequently  substituted 

I  for  pinions  or  uuts,  being  of  easier  manafacture,  and  per> 

I  forming  the  same  office.     These   trundles  are   cylinders  or 

spindles,  parallel  to  each  other,  and  placed  circularly  in  two 

plain  pieces  of  wood  at  the  top  and  bottom.    The  teeth  of  the 

wheel  then  catch  the  spindles  of  tlie  trundle,  as  they  would 

do  the  teeth  of  a  nut  or  pinion. 

That  useful  machine,  the  crane,  so  much  employed  in  rais- 
ing or  lowering  goods,  is  indebted  for  its  value  principally  to 
tite  wheel  and  axle.  Cranes  aie  very  variously  constructed, 
.but  the  object  in  all  of  them  is  lo  manage  a  great  weight  with 
an  inconsiderable  power.  An  elevation  of  a  crane,  the  gene- 
'  ral  construction  of  which  is  now  becoming  very  prevalent  in 
'  London,  is  shewn  in  lig.  4,  pi.  III.  It  is  approved,  from  ita 
requiring  no  very  expensive  frame-work,  and  because  it  can 
be  turned  all  round.  A6  is  a  stout  beam,  turning  in  a  cast- 
iron  collar  at  B,  affixed  to  the  beams  in  the  floor  of  the 
wharf;  it  goes  down  about  twelve  feet  below  this,  and  has  a 
steel  pivot  at  the  lower  end,  which  works  in  a  brass  socket 
or  collar,  so  that  the^eam  AB  can  turn  freely  round  with- 
out shaking.  CD  are  the  two  beams  of  the  jib,  with  a  fixed 
pulley  at  E,  over  which  the  chain  for  hoisting  the  goods 
works.  The  other  end  of  this  chain  winds  round  the  axle  e, 
_  of  the  great  wheel  F,  of  98  teeth;  this  wheel  works  in  a 
'pinion  of  seven  leaves,  on  the  same  axte  with  the  wheel  O 
,  of  35  teeth.  The  wheel  G,  works  in  a  pinion,  H,  of  14  teeth. 
When  a  great  power  is  required,  the  winch  handle  is  ap- 
plied to  a.  square  on  the  end  of  the  axis  or  spindle  of  this 
pinion ;  but  for  a  less  weight,  the  winch  is  put  on  the  axle  of 
the  wheel  G.  In  this  case,  to  lessen  the  friction,  the  pinion 
may  be  disengaged,  or,  as  it  is  usually  called,  thrown  out  of 
gear,  by  sliding  Us  axle  lenglhways.  For  this  purpose,  it 
must  bo  provided  with  two  grooves,  and  must  have  a  d'P  "r 
catch  to  fall  into  one  of  these  in  either  of  its  situations.  The 
frame  containing  the  wheels  is  formed  by  two  cast-iron 
crosses,  bolted  to  the  main  beam,  AB,  by  their  vertical  arms, 
of  which  IK  are  the  two  in  front. 

Machines  of  this  description  should  be  furnished  with  a 

ratchet  wheel,  as  m,  with  a  catch  to  fall  into  its  teeth.     This 

wheel  will  at  any  time  support  the  weight,  and  keep  it  from 

deaceading,  if  the  person  who  turns  the  handle  should,  through 

1  inadvertence  or  carelessness,  quit  his  hold  while  the  weight  is 

I  au«pended.     This  very  easy  mode  of  preventing  the  danger 
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which  would  result  from  the  running  down  of  the  weighty  if 
left  itt  liberty,  should  never  be  omitted. 

Of  the  Inclined  Plane. 

The  inclined  plane  is  any  flat  surface  which  forms  an  angle 
less  than  a  rij^ht  angle,  with  the  plane  of  the  horizon.  When 
ho'^slit^ads,  or  pipes  of  wine,  &c.  are  to  be  let  down  into  a  cel- 
lar, or  brought  up  out  of  it,  a  plank  is  laid  along  the  stairs^ 
and  thus  forms  an  inclined  plane. 

The  time  which  a  rolling  body  takes  to  descend  upon  an  in- 
clined plane,  is  to  the  time  in  which  it  would  descend  vertically 
by  its  absolute  gravity,  in  free  space,  from  the  highest  part  of 
the  plane,  in  the  ratio  or  proportion  which  the  length  of  the 
plaine  bears  to  its  perpendicular  height.  The  whole  theory  of 
the  inclined  plane  rests  upon  this  principle. 

Suppose  the  plane  AB,  fig.  5,  pi.  Ill,  to  be  parallel  to  the 
horizon,  the  cylinder,  C,  will  remain  at  rest  on  whatever  part  of 
the  plane  it  is  lafd.  If  the  plane  be  placed  perpendicularly,  as 
AB,  fig.  6,  the  plane  will  contribute  nothing  to  the  support  of 
the  cylinder,  C,  which  will  therefore  descend  with  its  whole, 
force  of  gravity,  or  require  a  power  equal  to  its  whole  weight 
to  keep  it  from  descending.  But  suppose  AB,  fig.  7,  to.be  a 
plane  parallel  to  the  horizon,  and  AD  ft  plane  indined  to  it; 
if  the  whole  length  AD  be  three  timet  as  great  as  th^  perpen- 
dicular DB,  the  cylinder  C  will  be  supported  upon  the  plane» 
or  kept  from  rolling  down,  by  a  power  equal  to  a  third  part  of 
the  weight  of  the  cylinder;  it  is  clear,  therefore,  that  a  weight 
may  be  rolled  up  this  inclined  plane  by  a  third  part  of  the 
power  which  would  be  required  to  draw  it  up  by  the  side  of 
an  upright  plane,  as  A6,  fig.  6,  where  the  force  reauired  must 
be  equal  to  its  whole  weight ;  but  it  is  to  be  noticed,  that  upon 
the  inclined  plane  the  weight  goes  over  three  times  the  space; 
which  proves  that,  as  in  all  other  cases,  we  only  substitute 
time  for  power. 

As  the  horizontal  plane,  fi^.  6,  supports  the  whole  weight  of 
the  cylinder,  C,  and  the  vertical  plane,  fig.  6,  or  plane  perpen- 
dicular to  the  horizon,  supports  none  of  it;  so,  in  all  cases,  the 
less  the  angle  of  elevation,  or  the  gentler  the  ascent  is,  the 
srenter  will  be  the  weight  which  a  eiven  power  can  draw  up ; 
for  the  steeper  the  inclined  plane,  me  leas  does  it  support  of 
the  weight,  and  of  cburse  the  greater  the  tendency  th^  weight 
has  to  roll. 

The  weight  is  ftlvriLYS  most  eiisilv  either  drawn  or  pushed  iiji 
a  line  g  r,  parallel  to  the  plane,  ana  passing  through  the  centre 
of  the  weight ;  for  if  one  end  of  the  line  be  fixed  at  g,  and  the 
other  end  inclined  towards  D,  the  cylinder  C  would  be  drawn 
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agaiii&t  the  plaae,  and  the  power  must  be  increased  iti  propor-  rl 
tion  to  the  greater  difficulty  of  the  line  of  traction ;  also  if  the 
line  be  carried  above  r,  the  power  must  be  incviMBed,  but  m' 
that  case  only  in  proportion  as  it  endeavours  to  lift  the  bodJFi 
off"  the  plane.     In  stating  the  power  necessary  to  support  the-.  ' 
cylinder  C,  on  the  inclined  plane  AD,  the  parallel  direction  ot \m 
the  line  of  traction,  as  it  is  the  most  favourable  one.  is  taken,  ^ 
for  granted. 

In  estimating  tlie  draught  of  a  waggon  or  other  vehicle  up- 
hill, the  draught  on  the  level  must  rie  udded.  Suppose  the. 
hill  Tls^s  one  foot  in  four,  then  one-fourth  part  of  the  weight^j 
must  be  added  to  the  draught  on  level  ground.  If  the  weigbti"^ 
were  12  cwt.  and  its  dmught  on  the  level  was  lA  cwt.  then  one*J 
fourth  of  12  c)M*  or  3  cwt.  added  to  Ij  cwt.  would  give4J  cw^^ 
for  the  real  draught  necessary  to  draw  12  cwt.  up  a  bill  rising  i 
one  foot  in  four.  Hence  may  be  discerned  the  great  dis 
vantage  of  hilly  roads,  and  the  propriety  of  loosing  a  little  time  ^ 
in  winding  about  hills  where  it  is  possible,  rather  than  exhaust  J 
the  power  of  the  horses  in  passing  over  llicni. 

Of  the  Webp.e. 

The  Gfth  mechanical  power  or  simple  machin«is  the  wedge^J 
which  is  a  piece  of  wood,  metal,  or  any  firm  material,  thin 
one  end  and  thiqk  at  the  other.  Xbe  thin  end  is  called  thai 
point  or  edge,  and  the  thick  end  is  called  the  head  or  base  of  J 
the  wed^e. 

The  actiou  of  the  wedge  resembles  most  that  of  the  inclined  Q 
plane,  but  the  theory"  of  it  is  by  no  means  complete.  The. I 
wedge,  when  driven,  as  it  mostly  is,  by  percussion,  for  example^  I 
by  the  blow  of  a  hammer,  produces  an  effect  differing  consU  J 
derably  from  that  of  pressure,  so  as  not  to  admit  of  exactJ 
calculation.  A  weight  of  five  hundred  pounds,  pressing  oA^ 
the  bark  of  a  wedge,  will  often  make  very  little  impressioi 
upon  a  body,  which  a  hammer  weighing  only  two  poundl^J 
if,  when  the  force  of  the  blow  is  extinguished,  it  have  ao- J 

3uired  a  velocity  rendering  its  momentum  equal  to  five  huD*l 
red  pounds,  would  instantly  sever.  This  great  difierence  of  1 
effect  between  percussion  and  pressure,  when  the  momenUi  J 
are  equal,  is  uerhaps  owing  to  the  tremulous  motion  orvibra*'! 
tion  prod  uceo  by  percussion  among  t!ie  parts  of  thebody,whicllt  j 
when  so  agitated,  and  the  wedge  has  once  entered,  has  tlie  fnc«j| 
tion  between  its  sides  and  that  of  the  wedge  lessened,  as  well  a 
the  cohesion  of  its  parts  diminished.  Until  therefore  we  a 
tborouBhly  acquainted  with  the  nature  and  force  of  the  tenacity"! 
nf,  bodieBj  and  tiMmctivity.  with  which  tthey  vibrate  udi' 
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given  impulse,  (and  these  are  branches  of  knowledge  to  which 
philosophers  are  as  yet  nearly  strangers,)  the  theory  of  the 
wedge  will  not  be  susceptible  of  much  precision.  We  are  not, 
however,  wholly  in  the  dark,  and  the  following  mode  of  re* 
garding  the  subject  is  generally  approved. 

AB,  fig.  8,  pi.  Ill,  is  a  wedge  driven  mto  the  cleft  CDE,  of 
the  wood  F6.  •  When  the  wood  does  not  cleave  at  any  di«- 
tance  before  the  wedge,  there  will  be  an  equilibrium  between 
tKe  power  impelling  the  wedge  downward,  .and  the  resistance 
of  the  wood  acting  against  the  two  sides  of  the  wedge,  when 
the  power  is  to  the  resistance  as  half  the  thickness  of  the  wedge 
at  its  back,  that  is,  from  A  to  B,  is  to  the  length  of  one  of  its 
sides ;  because  the  resistance  then  acts  perpendicularly  to  the 
sides  of  the  wedge.  * 

When  the  wood  cleaves  at  some  distance  oefore  the  wedge, 
which  is  generally  the  case,  the  power  impelling  the  wedge  will 
not  be  to  the  resistance  of  the  wood  as  the  thickness  of  the  back 
of  the  wedge  is  to  the  length  of  both  its  sides,  but  as  half  the 
thickness  or  length  of  the  back  is  to  the  length  of  either  side 
of  the  cleft,  estimated  from  the  top  or  acting  part  of  the  wedge. 
The  reason  of  this  is,  that  if  we  suppose  the  wedge  to  be 
lengthened,  so  as  to  reach  the  bottom  of  the  cleft  at  D,  the 
same  proportion  will  hold  ;  namely,  the  power  will  be  to  the 
resistance  as  half  the  length  of  the  back  of  the  wedge  is  to 
the  length  of  either  of  its  sides;  or,  which  amounts  to  the 
same  thing,  as  the  whole  length  of  the  back  is  to  the  length 
of  both  the  sides. 

The  thinner  a  wedge  is  at  the  back,  that  is,  the  more  acute 
the  angf^  of  its  longitudinal  section,  the  more  powerful  is  its 
action,  or  the  greater  the  effects  which  may  be  produced  by 
the  same  force.      , 

When  this  instrument  is  employed  to  cleave  a  hard  body, 
the  parts  of  which  strongly  adhere  together,  its  advantage  is 
augmented  in  proportion  as  the  wedge  is  sunk  or  driven 
deeper  between  these  parts.  For  example,  if  the  piece  of 
wood,  FG,  have  three  bandages,  r,  s,  t,  all  of  equal  strength, 
and  which  may  represent  the  strength  with  which  the  parts  of 
the  wood  cohere,  the  wedge  may  be  considered  as  rcting  by 
the  arms  DE,  DC,  of  two  angular  levers.  If  then  the  force  of 
the  wedge,  exceeds  a  little  that  of  the  first  bandage  r,  this 
bandage  will  be  severed.  The  second  bandage,  s,  though  as 
strong  as  the  first,  will  be  more  easily  broken  by  the  action 
of  the  same  wedge,  because  the  arms  of  the  lever  by  which 
it  then  acts  are  lengthened  by  the  quantity  r  t;  and  the 
increased  facility  with  which  the  last  bandage  will  be 
broken,  will,  in   like  manner,  be  proportionate  to  the  iof 


ft 


F/Creased  leiiglli  of  the  arms  of  the  lever  formed  by  the  aides  of 
A  the  cleft. 

s  a  mechanical  power  of  eingukr  efficacy,  and 
(  the  percussion  by  which  its  action  is  obtained,  is  precisely  that 
I  force  which  we  can,  with  the  greatest  convenience,  almost  in- 
^definiteiy  increase.  Bymeansofthe  wedge,  the  walls  of  houses 
*  ^tnay  be  propped,  rocks  split,  and  the  heaviest  ships  raised  up; 
— operations  to  which  the  lever,  the  wheel  and  axle,  and  the 
I  pulley,  nre  either  ill-adapted,  or  entirely  incompetent. 

To  the  wedge  are   referred   the  axe,   the  spade,   chisels, 

-jtieedles,  knives,  punches,  and,  in  short,  all  instruments  which, 

p   beijinning  with  edges  or  points,  grow  gradually  thicker.     A 

'  Hiwv  is  a.  number  of  chisels  fixed  in  a  line ;  and  a  knife,  if  its 

uniined  with  a  microscope,  will  be  found  to  be  only 

>'N  fine  saw. 

Of  the  Scbew. 

rile  sixth   and  last  mechanical  power  which  we  hare  to 

nice,  is  the  screw. 

The  screw,  strictly  speaking,  consists  of  two  parts,  whicb 
.woik  within  each  other.  One  of  these  parts,  and  which  is 
iilwiiys  meant  when  the  word  screw  is  used  alone,  is  a  solid 
cylinder,  on  the  circumference  of  which  is  cut  a  spiral  groove; 
It  is,  as  we  have  formerly  observed,  when  specifically  named, 
culled  an  outside  or  convex  screw.  The  other  part,  is  a  hollow 
cylinder,  or,  at  least,  whatever  its  external  form  may  be,  it 
tiontains  a  cylindrical  hole,  within  which  is  cut  a  spiral 
groove  corresponding  to  that  of  the  convex  screw,  which  can 
be  turned  within  it,  and  the  spiral  projections  of  the  one  lock 
into  the  spiral  hollows  of  the  other,  For  the  sake  of  neces- 
sary contradistinction,  this  latter  part  is  called  an  inside,  a 
concave,  or  tocket  screw,  when  spoken  of  generall)^,  without 
reference  to  any  other  use  than  its  principal  one,  of  an  indis- 
pensable companion  to  the  convex  screw ;  but  when  it  con-  ■ 
sists  of  a  smalt  piece  of  metal,  as  for  drawing  tight  bolts  of 
any  description,  it  is  most  commonly  called  a  nut ;  and  when 
it  is  of  considerable  size,  as  for  a  large  press  or  vice,  it  is 
usually  called  a  box. 

The  thread  of  a  screw  is  its  spiral  projection;  the  pace  or 
itep  of  a  screw  is  the  distance  between  the  threads;  and  the 
groove  or  gorge  is  the  hollow  between  the  threads. 

To  obtain  an  idea  of  the  nature  of  the  screw,  and  of  its 
alGnity  to  the  inclined  plane,  cut  a  piece  of  paper  in  the  form 
of  an  inclined  plane,  or  half  wedge,  as  LMN,  fig.  9,  pi.  Ill, 
and  then  wrap  it  round  a  cylinder;  fig.  10;  the  edge  of  this 


plane  or  paper,  LMN,  will  form  a  spiral  round  the  cylinder. 
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ivhich  will  give  the  thread  of  the  screw.  The  height  of  ^the 
plane  is  the  pace  of  the  screw,  or  distance  of  one  thread  from 
another ;  its  base  is  the  circumference  of  the  screw,  and  its 
length  is  estimated  by  this  circumstance  and  the  height  of 
the  pace. 

A  screw  is  seldom  used  without  the  application  of  a  lever 
to  assist  in  turning  it;  it  then  becomes  a  compound  machine 
of  great  force,  eiwer  in  compressing  the  paits  of  bodies  to- 
gether, or  in  raising  great  weights.  As  the  lever  or  winch 
must  turn  the  cylinder  once  round,  before  the  M-eight  or  re- 
sistance can  be  moved  from  one  spiral  winding  to  another,  or 
before  the  screw  working  in  its  box  can  rise  or  sink  the  dis- 
tance between  the  threads  as  from  a  to  b,  therefore  as  much 
as  the  circumference  of  the  circle  described  by  the  lever  is 
greater  than  the  pace  of  the  screw,  or  distance  between  the 
threads,  so  much  does  the  force  of  the  screw  exceed  the  motive 
force.  For  example,  suppose  the  pace  or  distance  of  the 
threads  to  be  half  an  inch,  and  the  length  of  the  lever  l2 
inches,  the  circle  described  by  the  extremity  of  the  lever 
where  the  power  acts,  will  be  about  76  ipches,  or  152  half 
inches,  consequently  152  times  as  great  as  the  distance  be- 
tween two  contiguous  threads;  therefore,  if  the  iiYtensity  of 
the  power  at  the  end  of  the  lever,  be  equal  to  one  pound,  that 
single  pound  will  balance  152  pounds  acting  against  the  screw. 
If  as  much  additional  force  be  exerted  as  is  sufficient  to  over- 
come the  friction,  the  152  pounds  may  be  raised;  and  the  ve- 
locity of  the  power  will  be  to  the  velocity  of  the  weight  as  162 
to  I.  Hence  we  may  clearly  perceive,  that  the  longer  the 
lever,  and  the  nearer  the  threads  to  one  another,  so  much  the 
greater  is  the  force  of  th^  screw. 

The  friction  of  the  screw*  is  very  great,  but  we  are  indebted 
to  this  circumstance  for  a  peculiar  advantage  in  the  use  of  this 
machine,  which  will  sustain  a  weight,  or  press  upon  a  body 
against  which  it  is  driven,  after  the  power  is  removed  or  ceases 
to  act.  To  enumerate  all  the  uses  of  the  screw  would  be  im- 
possible. x\mang  other  purposes,  it  is  applied  to  great  ad- 
vantage for  measuring  or  subdividing  small  spaces ;  when  thus 
applied  it  is  called  a  micrometer,  which  may  be  made  to  indi- 
cate on  an  index  plate,  a  portion  of  a  turn,  advancing  the  screw 
less  than  the  fifty  thousandtli  part  of  an  inch. 

The  threads  of  screws  are  differently  formed,  according  to 
the  materials  of  which  they  are  made,  or  the  use  for  which  tney 
are  intended.  The  threads  of  wooden  screws  are  generally  an- 
gular, that  they  may  rest  upon  a  broad  base,  and  thereby  have 
their  strength  increased  to  the  utmost.  Small  screws,  whatever 
inateiial  they  ara  made  of,  are  generally  angular  also;  not  Ottty 
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foT  the  Biime  resson  as  the  -wooden  onesi  but  because  the  an-l 
glnar  thread  is  the  most  easily  mnde.  The  Bietal  screws  vrhich; 
are  used  for  Inr^e  jiresseft.  vices.  Stc.  gfcnerally  have  a  squaTS: 
thread.  *  fomi  which  gives  great  steadineGs  of  motion.  At- 
thread,  of  ^vhieh  llie  siiies  are  iiarHllel,  and  tfie  top  aud  bottooir 
a  little  rounded,  is  perliups  the  luost  perfect  of  ail  fnrnis.  -.^ 
In  tlie  common  screw,  to  which  the  preceding;  observations 
are  exclusively  applicable,  the  threads  are  one  continued  spiral.1 
from  one  end  to  the  other;  but  wiiere  there  are  two'  or  uioret 
sepanite  apiraU  running  up  together,  as  in  the  worm  of  a  jaok%-i 
or  t^e  principal  screw  of  a  oommon  nrintiiig-preis,  tiie  descenfe 
ofthe  screw  in  a  revolution  will  be  proportionutely  increased;! 
and  therefore  whatever  be  the  number  of  the  spirals,  they  musUi 
in  calculating  the  power,  be  measured  and  reckoned  as  one.'' 
thread.  .j 

Of  the  Eiidksi  Screw.  '' 

A  screw  is  sometimes  cut  on  an  axle,  to  serve  as  a  pinioa^ 
and  by  working  in  the  circumference  of  a  wheel;  it  is  tbenr ' 
called  an  endlta  sowic,  because  it  may  be  turned  perpetually 
without  advancing  or  receding,  that  is,  without  nny  other  moM 
tion  than  a  rotary  one.  The  threads  of  this  screw  are  of  the< 
square  form,  and  fit  exactly  into  the  spaces  between  the  teeth^ 
of  a  wheel,  which  teeth  are  cut  obliquely  to  answer  to  th* 
threads.  When  the  endless  screw  lias  been  turned  once  rouudr 
the  wheel  has  only  made  a  portion  of  a  turn  equal  to  the  dis- 
tance between  one  of  its  threads,  that  is,  the  wheel  has  moved 
one  tooth,  itnd  therefore  the  number  of  its  teeth  is  always  tha 
same  as  the  number  of  the  revolutions  made  by  the  screM'4 
before  it  is  once  turned  round.  "" 

This  construction  and  mechanical  advantage  gained  by  thi 
screw  may  be  best  illustrated  by  a  figure ;  let  the  wheel  C,  f 
II,  {d.  Ill,  have  an  endless  screw  B,  oa  its  axis,  working  ii 
wheel  D,  of  48  teeth.  The  screw  JJ.  and  the  wheel  C.  " 
on  tile  same  axi«,  every  time  they  are  turned  round  by  t 
winch,  the  wheel  D  will  be  moved  one  tooth  forward  by  ti 
Bcre(v.  and  therefore  4S  revolutions  of  the  winch  will  be  E 

?|uired  to  turn  the  wheel  D  once  round.  Then,  if  the  circuin 
erence  of  the  circle  dt^ciibed  bv  the  handle  of  the  winch  J 
be  eqUHl  to  the  circuiitfrrence  «f  a  i;roove  round  the  wlieeJ  ] 
the  velocity  of  the  liundle  will  be  4b  times  a^  great  as  the  v 
locily  of  any  given  jioiut  in  ihe  groove;  consequently,  if  a  Itl 
G,  goes  round  the  groove,  and  lias  a  weight  of  4^  pounds  hung 
to  it,  a  power  equal  to  one  pound  at  the  handle  will  balance 
and  support  that  weight.  If  any  apjiaratus  were  constructed 
'  a  purpose,  this  might  be  Moved  by  making  the  ciccuair 
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fet«neei  of  the  wheel  C  and  D  cqtial  to  one  afiotiier;  and  Jdi«a 
if  a  weight  H,  of  one  pound,  were  auspended  by  a  line  gOMtf 
round  tlve  gfoove  of  tbe  wheel  C«  U  would  balance  a  weight  of 
48  pounds  hanging  by  the  line  G,  and  a  small  addition  to  the 
weight  U  will  cause  it  to  move  the  weight  G  a9  in  every  oib^ 
case  after  the  equilibrium  takes  place. 

If  a  Une  G>  instead  of  going  jround  the  groove  of  the  wheel 
O,  goes  round  its  axle  I»  the  power  of  the  machine  will  be  as 
much  incifeased  as  the  circumference  of  the  groove  exceeds  the 
cironmfereace  of  the  axle.  If  then  the  circumference  of  the 
groove,  be  six  times  greater  than  the  circumference  of  Uie  axle. 
one  pound  at  H  will  balance  six  times  48rOr  28d  pounds,  inuig 
to  the  line  on  the  axle ;  the  power  gained  will  therefore  be  an 
288  to  I ;  and  a  man  whose  natural  strength  would  enable  him 
to  lift  one  hundred  weight,  will  be  able  to  raise  288  hundc^ 
weight  by  this  engine. 

The  use  of  the  endless  screw  affords  a  very  ready  means  of 
greatly;  diminishing  a  rotary  motion*  and  accomplisnes  at  once 
what  would  otherwise  require  the  intervention  ^  two  or  three 
wheels ;  and  although  it  operates  wholly  by  a  hiding  metioWft 
it  has  not  probably  more  motion  than  any  of  the  U^  siaq>l« 
combinations  Which  might  be  employed  to  effect  the  same  ob- 
ject. It  possessed  the  advantage*  too,  of  moving  a  wheel  with 
much  more  steadiness  than  a  pinion,  when  the  workmanshk^ 
of  both  is  of  equal  quality.  This  ciroumstanoe  is  not  so  muob 
re{i;arded  by  mechanics  as  perhaps  it  ought,  and  therefore  tbe 
endless  screw  is  often  not  used  wnen  it  would  be  advantageous* 
Cast  iron  wheels  are  becoming  increasingly  g^eneral  for  all 
kinds  of  larre  machinery  requiring  wheel*work«  Their  dura- 
bility, and  the  little  room  they  take  up,  when  compared  with 
the  wooden  ones,  to  answer  txie  same  purpose,  entitle  them  to 
a  decided  preference ;  but  still  there  are  many  great  impedi- 
ments to  their  being  made  true.  They  must  necessarily  par«> 
take  of  tbe  defects  of  the  pattern  made  for  casting  them ;  very 
few  millwrigbts  make  good  patterns,  and  even  their  best  efforts 
are  sometimes  rendered,  in  some  measure,  abortive  by  the 
warping  or  shrinking  of  the  wood  they  have  used»  But  sup* 
posing  ell  difficulties  with  respect  to  the  pattern  to  be  con* 
quefed,  the  liability  to  incorrcict  work  from  the  imperfection 
of  the  mould,  the  presence  of  stagnated  air,  and  the  unequal 
contraction  of  different  portions  of  the  metal,  tre  very  const«> 
dkmble,  and  never  absolutely  overcome  by  the  most  careful 
workmen.  It  is  true  that  cast  iron  wheels  are  better  than  ai|y 
ethelr,  iind  that  they  may  b^  rectified  by  band ;  but  this  ope«- 
twiion,  if  carried  beyimd  ^  certain  pQisit»  weuld  'prove  if  eiy  i^H* 
IFeasive  f  iii  ie  houiBwtoim^kmif\fmtu^mi^^  MPM» 
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mpte<l  in  any  gr«at  degree,  because,  as  the  surface  of  cast 

is  far  harder  than  the  interior,  it  would  remove  that  por- 

I  of  the  metal  which  always  wears  the  best.     Whoever, 

therefore,  attends  to  the  motions  of  machinery,  will  frequently 

fcaerve  some  parts  to  move  by  jolts  or  starts;  the  cause  of 

'hich  is,  the  inaccuracy  of  the  teeth  or  cogs.    In  consequence 

Wf  this,  engineers,  when  they  want  a  steady  motion,  as  for  a 

I  4athe,  resort  to  the  expedient  of  employing  a  large  train  of 

■  wheels.     They  thus  commonly  attain  their  prime  object,  for 

■  •tbeprobability  is,  that  opposite  imperfections  will  balance  each 
B^^Bther;  butthey  have  introduced  a  great  increase  of  friction,  and 
1.'%  consequent  necessity  for  a  greater  motive  force,  not  to  men- 

""lon  the  expense  of  the  additional  parts  of  the  machinery.  To 
'Ord  in  part  these  disadvantages,  they  might  more  frequently 
mploy  the  endless  screw,  for  the  reasons  already  alleged. 
"  B  principal  restriction  to  the  use  of  this  screw  is,  its  being 
4o  liable  to  wear  when  its  motion  is  very  rapid ;  a  rapid  moiiou, 
~flierefore,  should  not  be  assigned  to  it  unless  it  be  made  of 
hardened  steel,  when  the  objection  wilt  act  apply- 

Of  Compoukd  Machikes* 

When  two  or  more  of  the  simple  mechanical  powers  are 
'Jtnade  to  act  in  conjunction,  to  produce  a  given  etfect,  the  con- 
trivance resulting  from  the  union  is  called  a  compound  machine 
or  engine. 

Though  any  one  of  the  mechanical  powers  ia  capable  of 
overcoming  the  greatest  possible  resistance  in  theory ;  yet,  in 

■actice,  if  used  singly,  they  would  frequently  be  so  unma- 

g^able  as  to  render  their  properties  nugatory.     It  is  there- 
generally  found  best  to  combine  them  together;  by  which 

rans  the  power  is  more  easily  ftpjitied,  and  many  other  ad- 
Tantages  obtained. 

As  the  mechanical  powers,  in  whatever  manner  they  are  com- 
bined, still  preserve  their  properties;  so,  in  conipoand  ai  in 
simple  engines,  whatever  is  gained  in  power  is  lost  in  tiroo; 
consequently,  if  a  given  power  will  raise  one  pound  with  a 
given  velocity,  it  will  be  impossible  for  that  power,  by  the  help  . 
ofanyraachine,to  raise  two  pounds  with  the  same  velocity;  yet, 
by  the  assistance  of  a  machine,  two  pounds  may  lie  raised  with 
half  that  velocity,  or  one  thousand  pounds  with  a  thousandth 
part  of  it;  but  still  there  ia  no  greater  quantity  of  motion  pro- 
duced when  a  thousand  pounds  arc  moved,  than  when  only 
one  pound  is  moved  ;  because  the  greater  weight  moves  pro- 
portionately slower  than  the  lighter.  The  power,  then,  of  ma- 
ihines,  consistB  only  in  this,  thnt  by  their  means  t)w  velocity 
'  the  weight  may  be  climkiished  M  f>le«aure,  «o  Ifaat  v^  a 
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KiveHk. force; any  given  resistance  may  be  overcome;  and  iht 
advantaeea  they  afford  us  are  confined  to  convenience;  for  in- 
atanee,:by  machines,  we  are  enabled  to  assign  a  convenient 
diareotion  to  the  DM>ving  power,  and  to  apply  its  action  at  some 
•distance  from  the  i>ody  tp  be  moved,  which  are  circumstances 
of  tlie  highest  impoctimee.  By  machines,  also,  we  can.  so 
•modify  the  energy  of  the  moving  power,  as  to  produce  effects 
^not  otherwise  obtainable.  •  '        . 

In  contriving  machines,  simplicity  of  parts  should  always 
ibe  studied.)  for  ioi  general  the  more  complex  they  are,  the 
more  fre<)uently  they  are  out  of  order,  and  the  more  difficult 
to  repair ;  the  more  e^&pensive  also  at  first,  and  the  greater 
their  friction,  from  the  number  or  extent  of  their  robbing 
|)axts.  A  very  complex  engine  may  indeed  be  a  proof  of  the 
ingenuity  of  the  inventor ;  but  if  that  be  all,  as  soon  as  a  more 
simple  mode  of  effecting  the  same  purpose  shall  be  known, 
the  precarious  tenure  of  his  celebrity  will  soon  be  evident, 
•and  he  will  be  convinced  that  ingenuity  without  science  is 
exerted  to  very  little  purpose ;  and  the  display  of  science  is 
always  the  more  complete,  the  fewer  the  parts  of  a  machine, 
or  the  more  sifhple  tne  means  by  which  a  given  purpose  is 
attained. 

To  those  who  have  a  mechanical  invention  in  view,  and 
who  are  as  yet  possessed  of  little  practical  knowledge,  it  may 
prevent  some  disappointment  to  observe,  that  the  performance 
of  the  models,  or  small  machines  made  for  the  sake  of  trial, 
may  equal  their  expectations,  yet  the  action  of  such  a  machine 
upon  a  large  scale,  may  not  prove  permanently  advantageous, 
n^or  perhaps  capable  even  for  a  short  time  of  supporting  an 
analogous  action.     A  lar^e  machine  has  not  the  same  relatire 
strength  as.  a  small  one ;  14  frequently  admits  not  of  the  same 
excellence  of  workmanship,  and  in  general  it  cannot  be  made 
of  materials  so  ducable.or  possessed  of  so  little  friction.     On 
the  contrary,!  it >w»Ul  sometimes  happen,  that  a  model  will  per- 
.  form  indifierently,  though  a  large  machine  on  the  same  plan 
will  give  satisfaction;. this  may  occur,  when  some  of  its  parts 
are  so  miaute^;and  of  .such  a  description,  that  a  common  de- 
gree of  manual  skill  is  insufficient  to  form  them  correctly, 
'Experience  alone  can  effectually- teach  the  art  of  making  the 
.proper  aJUbwaaces  in:thesQ  different  cases;  and  the  mere  study 
-of  the  theoiy  of  the  mechanical  powers,  will  therefore  supply 
/the  mechanic  wi()h  but:a  small  portion  of  the  knowledge  which 
-ke:  ought  to  possess.  - 

-.  .mIW- discover  thc^  melihanipal  power  of  any  engine,  it  will  be 
/SiiffiiBieBttlaHmaaiim4h»4paQe}  described  i^  the  samp  time  by 
<  thfifosRceaari'tliiitM^iten<)e^,0f  iwaighti  toK  the  poW  always 
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tklances  the  weight,  when  it  is  in  the  snme  proporljon  as  the 
tocity  of  the  weight  to  the  velocity  of  the  power.  Or,  divWe 
B  mnchioe  into  all  the  simple  ones  of  which  it  is  formed  J 
then  begin  at  tht  power  and  call  it  one,  and  by  the  properties 
of  the  mechanical  powers  find  the  forces  in  numbers  which  the 
firBt  simple  machine  exercises  upon  the  second.  Call  thi!)  force 
one,  and  find  the  force  in  numnera  with  which  it  acts  upon  the 
third;  and  putting  thie  force  as  one,  ascertain  its  action  on  the 
fourth  in  numbers,  and  ao  on  to  the  last.  Then  mnltiply  all 
these  numbers  or  individual  ratios  of  the  power  to  the  weight 
together,  and  the  product  will  be  the  force  of  the  machine, 
supposing  the  first  power  to  be  one.  This  has  been  exem- 
plified by  the  method  of  calculating;  the  power  of  a  compound 

In  wheel-work,  it  is  evident  from  the  princi pies  already  laid 
down,  that  the  velocity  of  n  wheel  is  to  that  of  a  pinion,  or 
■mailer  wheel  which  it  drives,  or  by  which  it  is  drirtn,  in  pro- 
portion to  the  diameter,  circumference,  or  number  of  teetn  in 
the  pinion  to  that  of  the  wheel.  If  then  the  teelh  in  a  wheel 
amount  to  80,  and  the  leaves  in  a  pinion  to  ten,  the  pinion  will 
go  1^  times  round  for  one  revolution  of  the  whe«l,  because  80 
divided  by  10,  gives  8  for  the  quotieht. 

If  the  product  of  the  teeth  in  any  number  of  wheels  afting 
on  so  many  pinions,  be  divided  by  the  product  of  the  teeth  or 
leaves  in  the  pinions,  the  quotient  wilt  give  the  number  of 
turns  of  the  last  pinion  in  one  turn  of  the  first  wheel.  Thus, 
if  a  wheel  A.  (Rj;.  12,  pi.  Hi,)  of  48,  acts  on  a  pinion  B  of  8, 
on  the  asis  of  which  pinion  there  is  a  wheel  C  of  40.  driving 
a  pinion  D  of  6,  carrying  a  wheel  E  of  36,  which-  moves  a 
pinion  F  of  6,  carrying  an  index  ;  then  the  number  of  turns 
■  "ade  by  the  axis  of  the  last  pinion,  and  consequeiitlv  bv  the 
idex,  will  be  found  in  this  manner:  Vx  V  x  Y  =  ''^M''=240, 
hich  are  the  number  of  tarns  made  by  the  index,  for  one  turn 
'■Dfthfe  wheel  A. 

It  will  be  evident  on  a  little  consideration,  that  whatever 
may  be  the  number  of  teeth  in  the  wheels  and  pinions,  if  they 
bear'the  same  ratio,  they  will  give  the  same  number  of  rev6- 
intions  to  an  axis.  Thus,4ix%'' )c»s»="j^"''=340.  as  before. 
The  numbers,  therefore,  may  be  varied  at  the  discfelionof  the 
engineer,  whose  design  must  of  course  regnlaPB  his  choice; 
One  wheel  and  pinion,  it  is  also  evident,  will  give  ihesame 
motion  as  many  wheels  and  pinions,  if  the  number  of  teeth 
contained  respectively  in  the  single  wheel  and  pinion,  bear  to 
(>4ch  other  the  same  proportion  as  the  product  ofthe  teeth  in 
tr  train  of  wheels  bears  to  the  prodncl  of  the  teeth  in  the 
Uniong  belonging  to  that  train. 
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Bzmple  of  the  mode  of  celcnUtaig  tbo  pvwer  of  a  oompoaiid  machiiM. 


iWlieaft  wheel  is  rooi^d  imittediaiely  by  the  power,  it  ie 
&  Uadir  ;  end  if  there  be  another  wheel  or  pinion  on  the 
axie,  it  is  called  hjothwer*    The  leader  reoeivea,  and  the  M< 
lower  ioiparte  the  motion.  * 

Aa  an  example  of  the  methoa  of  calculating  the  power  afm 
Gomfioand  machine,  we  shall  refer  to  the  crane,  fig.  4,  pi.  IIL 
When  the  handle  is  affixed  to  the  axis  of  the  wheel  H  of  fo«r*» 
teen  teeth;  if  the  length  from  /  to  the  centre  of  the  square  end 
of  the  axis  upon  which  it  is  fastened,  be  four  times  the  senV* 
diameter  of  tne  pinion  H.  then  is  the  acting  part  of  the  leret 
four  times  the  length  ef  the  resisting  part;  and  it  will  act  npoit 
the  wheel  Q  with  four  times  the  efiect  of  the  same  power  ap«* 
plied  directly  to  G,  as  for  example  in  pulling  it  round  by  ita 
teeth  ;  therefore,  if  the  man  at  the  winch  exert  a  power  ecfiial 
%o  thirty  pounds,  the  effect  of  it  on  the  wheel  Cr  will  be  eqaal 
to  one  nundred  and  twenty  pounds.  If  then  G  be  turned  hf 
H  with  a  fraree  of  120,  and  having  two  and  a  half  times  as 
many  teeth,  it  only  makea  one  revolution  while  H  makes  two 
fad  a  half,  its  pinion  will  exeft  a  force  of  twice  120  added 
one  half»  or  300  on  the  wheel  P.  But  as  the  wheel  Fhas 
14  times  as  UMiay  teeth  as  the  pinion  by  which  it  is  driren. 
its  revolutions  will  be  14  times  fewer  than  that  pinion,  and 
the  power  wiH  be  proportionately  increased;  therefore  14 
tiniies  300|  which  amounts  to  4,200,  expresses  the  weight 
which,  if  appended  tx>  the  circumference  of  the  wheel  F^ 
would  keep  a  power  of  30  at  the  winch  in  equilibrium.  The 
weight,  however,  is  not  appended  to  the  circumferenee  of 
the  wheel  F,  but  to  the  circumference  of  its  axle»  which 
being  four  times  less,  its  velocity  is  in  the  same  proportion 
diminished,  and  its  intensity  must  be  quadrupled  to  have  the 
same  effect  on  the  power;  so  that  4  times  4,200,  or  16,800 
pounds  will  express  the  whole  weight  which  a  power  of  30 
pounds  applied  to  the  winch  when  on  the  axis  of  the  wheel  H» 
will  be  able  to  keep  in  equilibrium;  and  when  the  equilibrium 
is  produced,  so  small  an  addition  to  the  power  gives  motion  to 
the  weight,  that  it  is  seldom  mentioned,  the  power  whicb 
effects  U>e  equilibrium  being  generally  spoken  of  as  if  it*were 
acftually  sufficient  to  raise  the  weight.  We  have  supposed  the 
emiw  to  have  but  one  winch,  but  such  machines  are  generally 
provided  with  two,  one  at  each  extremity  of  the  same  axle  ; 
and  it  follows,  that  a  double  intensity  of  power  will  overcome 
a  double  resistance.  We  have  also  supposed  the  power  to 
be  30  pounds,  because  that  is  about  the  intensity  of  the  power 
which  one  man  could  exert  on  the  winch ;  but  as,  in  the  cus- 
tomafy  way  of  expressing  the  advantage  gained  by  a  ma* 
chine,  the  power  is  considered  to  be  1,  to  suit  this  mode  ot 


expression,  16.800  niufit  be  divideri  by  30.  »nd  we  slixl)  tlien 
have  a  quotient  of  560,  wliicK  niitnher  ix  to  ],  as  IQ.MUO  ia  lo 
30,  and  it  shews  how  much  the  velocity  of  lh«  power  exceeds 
thai  of  the  weight,  when  the  velocity  of  thft  latter  in  1. — the 
diH'erence  of  these  velocities  denstini;  the  power  of  the  ma- 
chine, and  being  synonimous  with  the  expression,  ttlnt  a  power 
of  one  pound  would  raise  d60  pounds.       ^ 

Another  mode  of  eEtim&ting  the  power  of  the  crane,  fig.  4, 
pi.  Ill,  will  be,  instead  of  proceefiinj;  from  wheel  to  wheel,  to 
divide  3420,  the  product  of  tlie  teeth  in  the  wheels  F  aftd  G, 
by  9(^.  the  product  of  the  teeth  m  the  whe«l  H.  and  the  iiinlon 
on  the  axis  of  G;  the  quotient  of  this  division  will  be  33, 
which,  if  multiplied  by  4,  the  difference  between  the  nidiit!;  of 
the  circle  described  by  the  winch  and  the  rHdiiis  of  the  wheel 
H;  and  again  by  4,  or  the  difi'erence  between  tlie  radiu:*  of  the 
axle  round  which  the  chain  coils,  and  the  rndius  of  the  wheel 
F ; — the  product  will  as  before  be  56*)  for  the  power  g-.iined. 

The  practical  application  of  niechanicB  to  the  construction 
of  machinery,' is  a  subject  of  the  utmost  importance  to  our 
country;  the  prosperity  of  which  mnterially  depends  upon  its 
commerce;  its  commerce  is  derived  chiefly  from  its  manufac- 
turer; and  some  of  its  most  iinporinnt  manufacturers  are 
indebted  to  the  general  introduction  of  machinery  for  the  pre- 
ference they  every-where  receive,  ll  is  to  this  source  w-.'  nmat 
attribute  the  increase  of  property  of  every  descrijrtion.  ns  the 
introduction  of  a  machine  is  a  virtual  creation  of  all  the  work 
it  will  perform  without  further  increasing  human  labour. 
Among  many,  it  is  u  prevalent  opinion,  that  machinery  is  pre- 
judicial to  the  interests  of  mankind,  from  its  Kupoosed  lemlency 
to  diminiali  the  anoonnt  of  that  labour  by  which  the  lower 
classes  of  society  can  alone  purchase  the  mefln<«  of  subsistence. 
This  opinion  is,  however,  errnneomi,  as  applied  to  wciety  ifi 
generul ;  though  individuals,  whose  labours  are  superseded  by 
lunchiiics,  may  suffer  incoawenience  fur  a  time,  yet  it  is  only 
for  a  tLme,  and  until  they,  or  others  more  iitttlligent,  discover 
a  new  channel  for  the  eKerlioi)  of  their  indimtry.  If  impTove- 
ments  in  machinery  enable  our  nnniilacluri^rs  to  offer  theit 
goods  at  lower  prices  than  before,  these  'j:oods  will  command 
a  sale  in  fureign  markets  wbeie  it  was  previously  useless  to 
carry  them>  The  result  of  their  success  will  give  them,  and 
coDsequenLly  their  country,  an  accession  of  capital;  and  the  in^ 
evitable  operation  of  an  aocesiiion  of  ca|)ital,  will  be  for  th4 
advantage  of  the  labouring  classes,  because  it  can  no  wny  bi 
expended,  without  increasing  the  general  amount  of  lahoiir, 
and  therefore  making  them  in  the  end  full  participators  in  it« 
benefits.     Thus  are  tne  real  interests  of  all  ranks  inseparately 
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connected ;  and  a  retrospect  of  tbe  last  forty  years  will  sheir, 

.  ibi^t  thoueh  so  many  machines  have  been  employed  in  all 
trades  and  manufactures,  as  probably  to  do  more  work  tbsin 
tbe  whole  population  could  do  previous  to  that  period,  yet  tbe 
value  of  human  labour  has  increased  in  the  same  proportion 
as  other  articles  have  advanced  in  price,  except  so  far  as  this 
natural  tendency  of  things  has  been  checkecl  by  the  regula- 
tions of  war.     As  machines  tend  to  increase  the  quantities 

\  of  those  luxuries  and  necessaries  of  life  which  mankind  are 
)50  anxious  to  obtain,  it  only  requires  that  nn  equitable  diTi- 

'  sion  of  these  benefits  should  be  effected,  and  then  every  ob- 
jection to  them  will  be  obviated.  But  such  a  division  is  not 
to  be  obtained  by  the  infatuated  violence  of  individuals,  nor 
by  legislative  or  municipal  constraints.  On  the  contrary,  this 
benefit  can  only  spring  with  full  vigour  from  the  ashes  of  all 
monopolies,  combinations,  or  exclusive  immunities  in  trad^. 
Let  every  individual  be  at  all  times  free  from  the  least  restrie- 

^tion  or  check  in  the  pursuit  of  any  business  consistent  with 
.the  common  weal,  every  one  would  be  a  gainer  "by  the  change; 
if  one  source  of  employment  failed,  abundance  of  other  sources 
would  still  be  open ;  reward  would  be  proportioned  to  inge- 
nuity ;  every  branch  of  art  would  be  occupied  by  those  who 
were  led  to  it  more  by  choice  than  accident,  and  who  were 
anxious  to  excel  as  much  for  their  credit  as  from  necessity. 
The  aspect  of  the  country  would  then  be  improved;  more 
cheerful  industry  would  enliven  it ;  that  laxity  of  moral  con- 
duct which  is  produced  by  insubordination,  and  fostered  by 
the  protecting  arm  of  injudicious  immunities,  would  cease  it* 
be  so  flagrant,  if  it  did  not  disappear;  and  the  advancement 
of  machinery,  far  from  being  viewed  by  any  class  with  malig- 
nant eyes»  would  be  regarded  as  an  increasing  and  inexhaus 
tible  source  of  national  prosperity. 

If  we  supposed  the  preceding  observations  on  the  utility 
of  machinery  were  not  radically  true,  it  would  be  an  invidious 
task  to  pursue  the  present  subject;  but  unassailed  by  any 
apprehension  of  this  kind,  we  shall  make  them  the  prelude  to 
some  general  remarks  which  may  be  useful  to  the  youitg 
mechanic. 

In  cor\triving  machinery,  it  should  always  be  remembered, 
that  nothing  will  contribute  more  to  its  perfection,  especially 
ifit.be  massive  and  ponderous,  than  great  uniformity  of  mo- 
tion. Every  irregularity  of  motion  wastes  some  of  the  impel* 
ling  power;  strains,  jolts,  and  whatever  occasions  a  vibratory 
motion  of  the  parts  within  themselves,  weaken  the  cohesion 
of  the  most  solid  substances,  and  are  particularly  injurious  to 
cat»t  iron»  and.  the  pressures  at  the  communicating  poitiU  ara 
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iiic^oa  and  gravitation.    Tlie  pendulum  is  the  tiuie-measuiert 
vibration  which  it  makes,  the  teeth  of  the  swing-Hhee| 
L  ai^l  upon  the  pallets  IR,  (fi^.  2,)  io  such  a  manner,  thai'4 
e  tooth  H  has  communicated  motion  to  the  pallet  BS'^ 
t  tooth  escapes ;  then  t}ic  opposite  tooth  G  acts  upou  thtJ 
bet  I,  and  escapes  in  tlie  same  manner :  and  thus  cgch  tool* 
Hbc  wheel  escanes  the  paUeta  IR,  after  haTing  com luu 
*r  motion  to  the  pallets;  so  that  the  pendulum,  instead  c 
pina;.  continues  to  rooye.    ' 

ne  wheel  £E,  (fig.  1,)  revolvee  in  an  hour;  the  pivot  r  ol^l 
wbeul  passes  through  the  phite,  and  is  continued  to  */  J 
3  thi»  pivot  is  a  wheel  NN*,  with  a  long  socket  fastened  in! 
Its  centre;  upon  the  extremity  of ,  this  socket  r  tlie  miauM 
band  is  dxed.     The  wheel  NN  acta  upon  the  wheel  O;  I' 
liinronof  which,  p,  acts  upon  the  wheel  £^,  fixed  upon  n  suckol 
^''  '    turns  aititig  with  the  wheel  N.     T'lii*  wheel  vg,  luakcaj 

-olutton  in  twelve  hours,  and  upou  the  bnrrcl  of  it  J 
|i(l  the  hour-hand. 

I  the  above  description  it  is  easy  to  see,  1.  that  tlu 
light  P  turns  all  the  wheels,  ftud  at  the  same  time  continueV 
t  motion  of  the  pendulum  ;  '2.  that  the  quickness  of  the  rad 
"  of  the  ivhecU  is  determined  by  that  of  the  pendulum ;  a 
int  tho  wheels  point  out  the  parts  of  time  divided  by  I 
«onn  niutiuii  of  tho  pendulum.     When  the  catgut  upoifii 
Ich  the  woi^rfat  is  -tuspeiided  is  entirely  run  down  from  oS^I 
bbiiml,  it  is  wound  up  again  by  means  of  a  key,  which  gotl'T 
l(tho  aqunre  end  of  the  arbor  or  axis  Q,  by  turning  it  int#4 
ptrary  dtrnctiou  from  that  in  which  the  weight  ituscendtt' 
r  thin  purpose,  the  inclined  side  of  the  teeth  of  tliL-  ratchvU  •* 
(el  K,  (fig,  2.)  removes  tJie  click  C.  so  thai  ih--  wheel  B-J 
vith  I  he  barrel,  while  the  wheel  D  ih  at  res);  Iiul  a>  »oaAJ|| 
|tho  band  is  wound  up,  the  click  TeiIU  in  between  tt 

tnl  K,  and  the  right  sidL-  of  the  lectb  n^ain  act  updl 
■  end  uf  the  click,  which  ohU^iea  the  wheel  D  tu  nn 
'l  the  barrel,  and  tho  spring  A  keeps  the  click  bGl>ti'«a  t 
kh  of  lite  mtrhet-whevi  K.     Supposing  tho  nhtL-l   DI)  i_ 
S  once  round  in  twelve-  horn's,  which  it  is  usually  calcuiatattf 
the  btrit  tioie^piirceil.  ihen  Wilt  sixlei-n  turns  uf  thl 
I  ihs  barrel  C,  <fig.  1.)  suffice  to  keep  the  dock  guin 
^l  d»V". 

Hi  wilf  now  he  proper  to  explain  bow  time  is  mcasufed  1 
S  motion  of  the  pendulum;  and  how  the  wheel  t'..  npon  t 

of  which  the  minute-hand  is  6\td.  toskce  but  one  precitl 
nlution  in  nn  hour.     Tho  vibrations  of  n  pandulum  ari:  pel 

1  a  shorter  or  longer  limo  in  juDportion  t«  thaleugtll^l 
felihe  pendulum  itMlf.     A  pendulum  of  39^  iachoain  Icngf" 
,ia.— Vol.  I.  3C 
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Coinnianiciilinn  of  molion  bir  l«ven— etinki— lootbcd  vhceli. 

I    JncoiiKtant  nnd  unequal.     A  great  engine,  constnicled  ivilhout 

I   idue  regard  to  the  uniformity  of  its  motion,  will  shake  the 

firmest  buihling ;  but  when  uniform  motion  nervades  the  whole, 

'the  inertia  of  each  part  tends  to  preserve  tnis  uniformity,  and 

all  goes  smoothly. 

In  modifying  the  motion  of  the  first  mover,  and  communi- 
cating it  in  a  proper  manner  to  tiie  subject  to  be  operated 
Upon,  the  slow  rotative  motion  of  a  water-wheel  is,  by  the 
,  machinery  of  cranks,  levers,  and  toothed  wheels,  converted 
into  a  rnpid  reciprocating  motion  for  working  saws  ;  and  the 
velocity  of  the  motion  is  increased  or  diniiniahed.  as  the  oc- 
casion requires- either  great  power  or  great  speed.  In  like 
manner,  the  rectilinear  motion  of  the  piston  rod  of  a  steam 
engine  is,  by  the  machinery  of  parallel  levers,  working  beam, 
connecting  rod,  crant  and  fly-nhee!,  converted  into  a  rotative 
motion  ;  and  this  motion  is  again,  by  the  machinery  of  wheel- 
work,  adapted  to  work  grinding  stones,  circular  saws,  tliresh- 
■ng  mills,  and  other  similar  machines  which  require  great  ve- 
locity ;  Of  flatting  mills,  boring  machines,  machines  for  rasp- 
ing dyeivoods,  drawing  lead  pipe.  Sic.  which  require  great 
f lower  to  give  them  motion,  and  are  therefore  performed  with 
ess  velocity. 

In  modifying  a  rotary  motion,  toothed  wheels  are  raoet  gene- 
rally employed;  and  if  the  teeth  are  properly  formed,  wheels, 
perhaps,  consume  less  force  in  friction  than  any  other  mode 
of  transmitting  motion.  In  forming  the  teeth  of  wheels,  a  de- 
viation from  the  perfect  form  is  of  most  importance  where  a 
■very  large  wheel  drives  a  very  small  one,  a  case  the  judicious 
"tengineer  should  always  endeavour  to  avoid.  It  is  of  great  im- 
portance to  make  all  the  teeth  of  a  wheel  precisely  equal,  and 
to  make  as  great  a  number  of  them  as  the  necessary  strength 
will  allow.  The  greater  the  uumber  of  the  teeth,  the  less  will 
be  the  time  that  any  one  of  them  will  act  upon  its  fellow,  and 
several  teeth  being  in  action  at  once,  will  cause  the  communi- 
cation of  the  motion  to  be  extremely  smooth  and  uniform.  Td 
obtain  slreiigth,  when  the  cogs  are  made  fine,  the  width  or 
thickness  of  the  wheel  must  be  increased;  and  this  is  one  of  the 
greatest  practical  improvements  which  have  been  made  in  ma- 
chinery for  twenty  years  past.  When  the  teeth  are  far  apart, 
three,  four,  or  five  inches,  for  example,  they  always  act  un- 
equally upon  each  other,  in  consequence  of  the  point  of  con- 
tact altering  its  position,  becoming  alternately  nearer  or  far- 
ther from  the  centre  of  one  or  other  of  the  wheels;  the  acting 
radius  of  one  is  thus  increased,  while  that  of  the  other  is  di- 
minished, and  their  velocity  and  powersrarying  in  consequence 
with  every  cog  that  passes  bv,  the  machine  works  by  starts 
14.— Vol.  I.  "2  U 
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and  jerks.  Wheek  are  found  to  work  most  smoothly^  when 
the  teeth  of  the  large  wheel  are  made  of  hard  wood»  and  the 
teeth  of  the  small  one  of  cast  iron. 

A  rotary  motion  is  very  frequently  transmitted  by  means  of 
an  endless  strap,  or  belt,  particularly  when  a  very  quick  mo- 
tion is  to  be  created,  and  the  re-action  to  be  overcome  is  nearly 
equable.  .  In  such  cases,  it  has  the  advantage  of  wheel-won: 
from  its  simplicity,  the  ease  of  its  motion,  and  the  distance  to 
which  it  may  be  conveyed.  A  strap  shAuld  always  work  on 
a  pulley  which  is  highest  in  the  middle  of  its  circumference, 
otherwise  it  will  be  exct^edingly  apt  to  slip  off.  If  one  of  the 
pulleys  is  stopped  while  the  strap  is  moved  round  by  the  mo- 
tion of  the  otner,  the  strap  instantly  flies  oft*  its  pulley,  unless 
the  breadth  of  Uie  circumference  of  the  pulley  greatly  exceeds 
that  of  the  strap.  This  property  is  a  great  recommendation 
of  it  on  many  occasions,  where  the  machines  might  be  mudi 
injured  or  destroyed  if  driven  by  wheel-work  and  aecidentallr 
stopped.  Straps  should  be  of  an  equal  thickness  and  breadta 
throughout.  They  are  mostly  joined  by  sewing ;  but  the 
best  method  is  by  gluing  them  together,  with  a  glue  com- 
pounded of  Irish  ^lue,  isinglass,  ale  grounds,  and  boiled  lin^ 
seed  oil.  The  ends  that  overlap  should  be  pared  thin,  taper- 
ing to  the  edge  in  the  form  of  an  inclined  plane,  so  that  the 
juncture,  when  they  are  placed  upon  each  other,  shall  be  no 
thicker  than  the  rest  of  the  strap. 

The  wheels  which  are  turned  by  straps  never  make  quite  so 
many  revolutions  as  they  ought  to  do  from  a  calculation  of  the 
diameters  of  the  pulleys  over  which  the  stf'aps  pass.  Some- 
times the  straps  may  slip  a  little,  but  the  principal  source  of 
the  error  has  been  mgeniously  attributed  to  their  elasticity^ 
which  ^permits  them  to  stretch  on  that  side  which  bears  tne 
strain  (called  the  leading  side)  and  to  collapse  on  the  return^ 
ing  side.  This  error,  if  elasticity  be  the  cause  of  it,  will  aug<i- 
ment  with  the  intensity  of  the  strain,  and  the  distance  between 
the  pulleys ;  but  its  utmost  amount  is  so  small  as  to  be  rarely 
of  any  great  consequence. 

Bands  of  rope  or  catgut  are  frequently  employed  to  com* 
muiiicate  motion,  particularly  to  the  mandrels  of  lathes» 
Catgut  is  the  best  material  known  for  a  band,  and  always  to 
be  preferred  when  it  can  be  had  of  sufficient  strength  for  the 
purpose  :  the  ends  are  united  by  a  small  steel  hook  and  eye* 
each  of  these  has  a  socket  screw  to  receive  the  band,  whick 
is  tapered  a  little,  and  screwed  into  it  with  a  little  rosin.  If 
tfeie  hook  and  eye  be  made  warm  enough  to  keep  the  rostn 
fluid  during  the  fastening,  the  band  will  be  very  nrm«  thoneh 
it  may,  for  further  security,  be  seared  with  a  hot  wire  on  toe 
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extremity  projecting  through  the  socket.  The  groove  of  pulleys 
intended  to  receive  a  baud,  should  be  of  a  sharp  angular  form, 
that  the  band  may  not  touch  the  bottom  of  it,  in  which  case  it 
would  be  liable  to  slip.  Wood  is  t]ie  beat  material  for  pul- 
leys, because  the  polish  soon  actiuired  by  metals  prevents  the 
band  from  holding  firmly.  The  wood  for  a  pulley  should  be 
cut  endways,  that  ii,  with  its  grain  in  the  direction  of  its  axis, 
so  that  every  part  of  the  circumference  bein«  of  a  aimilar  tex- 
ture, it  will  wear  equally.  Two  methods  of  applying  a  band 
present  themselves :  in  one  of  them  it  is  carried  over  parts  of 
the  wheel  and  pulley  corresponding  in  position,  the  upper  part 
of  the  band  passing  directly  to  the  upper  part  of  the  pulley, 
and  the  lower  part  to  the  lower  part ;  but  in  the  other  method, 
the  band  is  crossed,  and  therefore  it  passes  from  the  upper  part 
of  the  wheel  to  the  under  part  of  the  pulley.  A  crossed  band 
answers  the  best  end ;  for  as  it  envelopes  a  larger  portion  of 
tlie  pulley,  it  produces  a  better  eS'ecl  than  the  other,  even 
wht.'ii  not  so  ti^ht. 

Endless  chains  are  sometimes  used  to  communicate  motion, 
and  where  their  slipping  would  be  injurious,  cogs  are  frequently 
formed  on  the  wheels,  to  be  received  into  the  links  of  the  chain. 
The  links  should  be  formed  with  great  exactness. 

For  very  light machineiy,  a  very  neat  and  even  elegant  mode 
of  communicating  motion  nas  long  been  partiallv  in  use^  it  con- 
sists in  covering  the  circumferences  of  the  wneels  with  buff 
leather,  wbicb  creates  suf&cieut  friction  to  make  them  tuia 
each  other  freely,  although  not  pressed  very  hard  together. 
The  same  principle  has  been  adopted  upon  a  large  scale  for  a 
Baw-miil,  in  wbicti  the  wheels  acted  upon  each  other  by  the  coi>- 
tact  of  the  end  grain  of  wood  instead  of  cogs.  The  machinery 
wore  well,  made  little  noise,  and  was  in  use  twenty,  years. 
When  this  mode  of  transmitting  power  is  adopted,  a  contrivanco 
to  make  the  wheels  bear  firmly  against  one  another,  either  by 
wedges  at  the  socket,  or  bv  levers,  must  be  included. 

It  requires  all  the  art  oi  the  engineer,  when  reciprocating 
and  desultory  motions  are  reqtiired.  to  introduce  them  in  the 
most  advantageous  manner.  Bcceutric  wheels  are  frequently 
employed,  but  the  common  crank  is  perhaps  the  most  lastingly 
useful  (principally  on  account  of  its  being  the  most  simplfl) 
contrivance,  for  converting  a  reciprocating  motion  into  a  cir' 
cular  one,  or  the  contrary.  Attempts  have  been  made  to  move 
the  pistons  of  pumps  by  means  of  a  double  rack  on  the  piston 
rod  ;  a  half  wheel  takes  bold  of  one  rack,  and  raises  it  to  the 
required  height ;  the  moment  the  half  wheel  has  auitted  that 
aiae  of  the  rack,  it  lays  hold  of  the  other  side,  ana  forces  thd 
piston  down  again.     This  has  been  proposed  aa  a  great  im- 
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ptovement,  by  correcting  the  unequal  motion  of  the  piston* 
moved  in  the  common  way  by  a  cranlc  motion ;  but  it  occasions 
such  abrupt  changes  of  motion,  as  to  be  wholly  inadmissible  in 
practice;  the  more  ponderous  the  machine,  and  the  more  cor- 
rect its  workmanship,  the  sooner  it  would  shake  it  to  pieces. 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop  on 
the  matter  to  be  pounded,  the  wipers  by  which  they  are  lifted, 
should  be  made  of  such  a  form,  that  the  stamper  may  be  raised 
by  a  uniform  pressure,  or  with  a  motion  almost  imperceptible 
at  first.  If  this  is  neglected,  and  the  wiper  is  only  a  pin  stick- 
ing out  from  the  axis,  the  stamper  is  forced  into  motion  at  once. 
This  occasions  a  violent  jolt  to  the  machine,  and  great  strains 
oil  its  moving  parts  and  their  points  of  support ;  whereas,  when 
they  are  gradually  lifted  at  first,  the  ineauality  of  desultory 
motion  is  never  felt  at  the  impelled  point  ot  the  machine.    The 

Erinciple,  however,  of  communicating  the  motion  gradually  may 
e  carried  too  far.  In  order  to  avoid  the  great  inconvenience 
arising  from  the  abrupt  motion  given  to  a  great  sledge  hammer 
of  seven  hundred  weight,  resisting  with  a  five-fold  momentum, 
an  engineer  formed  the  wipers  for  lifting  it  into  spirals,  which 
communicated  motion  to  the  hammer  with  scarcely  any  jolte 
whatever ;  but  the  result  was,  that  the  hammer  rose  no  higher 
than  it  had  been  raised  in  contact  with  the  wiper,  and  then  fell 
on  the  iron  with  very  little  effect.  Wipers  of  the  common  form 
were  therefore  of  necessity  substituted  for  the  spirals;  for  in 
this  operation  the  rapid  motion  of  the  hammer,  during  the 
greater  part  of  its  progress,  is  absolutely  necessary ;  it  is  not 
enough  to  lift  it  up ;  it  must  be  flung  up  so  as  to  rise  highei^ 
than  the  wiper  lifts  it,  and  to  strike  with  great  force  the  strong 
oaken  spring  which  is  placed  in  its  way:  It  compresses  this 
spring,  and  is  reflected  oy  it  with  a  considerable  velocity,  so  as- 
to  hit  the  iron  as  if  it  had  fallen  from  a  great  height;  had  it  been 
allbwed  to  fly  to  that  height,  it  would  nave  fallen  upon  the  iron 
with  somewhat  more  force,  (because  no  spring  is  perfectly  elas- 
tic) but  twice  the  time  would  have  been  required. 

AH  ponderous  movements  should  be  supported  by  a  frame- 
wbrk  of  wood,  or  of  iron  upon  wood,  independent  of  the  build- 
itig  of  masonry  or  brick-wbrk  containing  them.  The  want  of 
attention  in  this  respect,  has  not  unfrequently  occasioned 
buildings  to  be  shaken  to  pieces.  If  the  gudgeons  of  a  water- 
wheel.  For  example,  rest  upon  the  wall  of  a  building  recently 
Greeted,  it  can  scarcely  fail  to  prevent  the  perfect  induration 
of  the  mortar,  and  the  strength  of  the  wall  will  thus  be  com- 
jAetely  crippled.  If  such  a  situation  must  be  selected,  the 
gudgeons  slibuld  be  supported  upon  a  block  of  oak  laid  a  little 
hollow.    This  will  soften  all  tremors,  like  the  springs  of  a 
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carriage,  and  a  prudent  extension  of  the  principle  would  he 
very  serviceable  in  many  parts  of  .the  construction. 

To  avoid  the  injurious  eR'ects  occasioned  by  urging  itud- 
denly  or  by  jerks  the  parts  of  a  ponderous  luacliine  Troiu  a 
state  o^f  rest  into  a  state  of  motion,  an  ingenious  contrivance 
has  lately  been  introduced,  which  deserves  to  be  generally 
known.  The  arm  which  gives  motion  to  the  machine,  vvheu  . 
the  clutch  orcoonectingpart  of  the  running  spindle  is  engaged 
,with  it,  is  not  fixed  fast  upon  the  spindle,  but  is  made  in  two 
halves  screwed  together  upon  a  cylindrical  part  of  the  spindle, 
and  so  closely  pinched  upon  it  by  screws,  that  it  will  have  suf- 
ficient friction  to  turn  the  machine  round  in  the  ordinary 
course  of  its  work,  but  slips  round  upon  the  spindle,  if  the  re- 
sistance is  greater  than  this  friction,  which  thus  becomes  the 
measure  of  the  power  exerted  upon  the  machine. 

Contrivances  for  uniting  or  detaching  motions  are  very  vari- 
ous. The  supports  of  the  gudgeons  of  toothed  wheels  ara 
sometimes  fitted  up  so  as  to  be  moveable,  so  that  the  wheels 
can  be  separated  so  far  as  to  relieve  each  other's  teeth.  At 
other  times  one  of  the  wheels  is  fitted  on  a  round  part  of  its 
axis,  and  united  with  it  at  pleasure,  by  what  is  called  a  clutch- 
box.  Thus  the  wheels  are  always  in  motion,  but  one  of  tbem 
can  be  detached  at  pleasure  from  its  axis,  on  which  it  slips 
freely.  Bevelled  cog-wbeela  are  easily  disei^aged,  by  mov- 
ing tJie  axis  of  one  of  them  a  little  endways.  For  disengaging 
the  motion  of  a  strap,  the  contrivance  called  the  live  and  dead 
pulley  is  very  ingenious  and  effectual ;  it  consists  of  two  pul- 
leys placed  close  together  upon  any  axis  which  is  to  receive  a 
circular  motion.  One  of  them  is  fast  upon  the  spindle,  and 
the  other  loose,  ^o  as  to  slip  round.  It  is  necessary  that  the 
wheel  by  which  these  pulleys  are  turned,  should  have  its  rim 
at  least  equal  la  breadth  to  that  of  both  tlie  pulleys.  This 
contrivance  is  extensively  used,  and,  as  applied  to  a  lathe,  has 
been  described  in  the  section  on  Turning. 

It  is  frequently  necessary  in  machinery  to  have  the  power 
of  reversing  the  motion  of  a  wheel  or  axis  at  any  required  in- 
terval. Various  means  are  used  for  effecting  this  object.  The 
most  common  is  by  two  equal  and  similarly  bevelled  or  cou- 
trate  wheels,  situated  on  the  same  axis,  with  their  teeth  to- 
wards each  other.  A  third  bevelled  wheel  is  applied  with  its 
axis  perpendicular  to  these  ;  and  as  its  teeth,  by  simply  mov- 
ing a  lever,  can  be  made  to  engage  either  of  them  at  pleasure, 
they  will,  as  they  act  on  contrary  sides  of  this  third  wheel, 
communicate  to  it  opposite  motiom.  Smeaton  applied  this 
tQOrement  to  di;^w  coala  from  coal-pits,  . 
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In  all  machines,  the  moving  power  and  the  resistance  are 
subject  to  fluctuations  of  intensity.  It  becomes,  therefore,  an 
object  of  great  moment,  to  have,  in  most  compound  machines, 
acme  meant  of  accumulating  the  excess  of  the  motive  power, 
.  «nd  of  expending  this  excess,  when  the  motive  power  operates 
4oo  feebly.  This  equalization  of  motion  is  usually  obtained 
by  what  is  called  a^,  which  is  generally  made  in  the  form  of 
A  wheel,  thoag;^h  sometimes  it  is  merely  two  bars  crossing  one 
another  at  right  angles  in  the  middle,  with  weights  at  the  four 
extremities. 

A  fly  being  made  to  vevolve  about  its  axis,  keeps  up  the 
force  of  the  power,  and  distributes  it  equally  in  all  parts  of  its 
revolution.  Ohn  account  of  its  weight,  a  small  variation  in 
force^does  not  sensibly/alter  its  motion ;  whilst  its  friction, 
and  the  rf'sistance  of  tne  machine,  prevents  it  from  accelerat- 
ing. If  the  motive  power  slackens,  it  impels  the  machine  for- 
ward, and  if  the  power  tends  to  move  the  machine  too  fast,  it 
keeps  it  baek. 

In  all  machines  in  which  flies  are  used,  either  a  considerably 
greater  force  must  be  applied  at  first  than  what  is  necessary 
to  give  motion  to  the  machine  without  it,  or  the  fly  must  be 
set  in  motion  some  time  before  the  force  is  applied  to  the  ma- 
chine. This  superfluous  power  is  collected  m  the  fly,  which 
is  in  fact  a  reservoir  of  motion.  A  man,  working  at  a  common 
windlass,  exerts  a  very  irregular  pressure  on  the  winch.  In 
two  of  his  positions,  dfurtng  each  turn,  he  can  exert  a  force  of 
nearly  seventy  pounds  without  fatigue,  but  in  other  positions 
he  exerts  a  force  of  tittle  more  than  twenty-five  pounds  ^  nor 
must  he  in  general  faa^e  to  oppose  much  above  this ;  but  if  a 
large  fly  be  properly  connected  with  the  windlass,  be  will  act 
witti  equal  ease  and  speed  against  thirty  or  even  forty  pounds. 

The  motion  communicated  to  a  fly-v^eel  by  means  of  a  small 
force,  may  be  accumulated  to  such  a  degree  as  to  produce  ef- 
fects which  the  original  force  would  never  have  accomplished. 
Atwood  has  demonstrated  in  bis  ''Treatise  on  Rectilineal  and 
Rotary  Motion,**  that  a  force  equivalent  to  20  pounds,  applied 
for  the  space  of  37  seconds  to  the  circumference  of  a  cyimder 
20  feet  in  diameter,  vrhich  weighs  4713  pounds,  would,  at  the 
distance  of  one  foot  from  the  centne,  give  an  impulse  to  a  muik 
ket-ball  equal  to  that  wliich  it  receives  from  a  fpll  charge  of 
powder,  in  the  spape  of  six  minutes  and  ten  'seconds,  the 
0Mne  eflfeot  would  be  produced,  rf  the  vbeel  were  driven  ny  a 
man,  who  constantl]^  exerted  a  force  df  20  pounds  at  a  wlncn 
one  foot  long.    This  accumulating  power  of  a  fly,  induces 
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Among  many  a  supposition,  that  a  fly  really  adds  power  or  tne- 
chnniciil  force  to  an  engine ;  accordingly,  from  not  understand- 
ing on  what  its  efficacy  depends,  nor  considering,  that  if  it 
cnnimunicHted  a  power  which  it  did  not  receit-e,  it  nuist.  con- 

'trary  to  the  natnre  of  matter,  possess  a  principle  of  motion 
within  itself,  tliey  often  place  the  fly  in  a  BitnatJy  where  i 
only  adds  a  useless  burden  to  the  machine.     If  intended  for  a 

'  mere  regulator,  it  should  be  near  the  first  mover ;   if  intended 

'  to  accumulate  force  in  the  working  point,  it  should  not  be  far 
separated  from  it. 

It  is  certain,  that  a  fly  does  not  communicate  any  absolute 
increase  of  motion  to  the  machine;  for  if  a  man,  or  any  animal, 
IB  not  able  to  set  an  engine  in  motion  without  a  Hy.  he  will 
nol  be  able  to  do  it  though  a  fly  be  applied  ;  nor  will  he  be 
able  to  keep  it  in  motion,  though  set  to  worlf  with  a  fiy  by 
means  of  a  greater  power.  The  apparent  creation  of  pow*  by 
8' fly  consists  in  its  accumulating  into  one  moment,  the  exer- 

■  tions  of  many.  A  man,  caught  by  some  of  the  movements  of 
a  country  mill,  may  be  instantly  deprived  of  a  limb,  or  of  life. 
In  tiiis  case,  the  power  of  the  stream  is  conceived  to  be  pro- 
digious, and  yet  we  are  certain,  upon  examination,  that  it 
amounts  to  the  pressure  of  no  more  tiian  fifty  or  sixty  pounds; 
but  tbis  force  has  been  acting  for  some  time,  and  there  is' a 
millstone  of  a  ton  weight  whirling  twice  round  in  a  second; 
the  effect,  therefore,  not  of  any  self-derived  but  of  the  accu- 
mulated power,  is  enormous.  Contrivances  to  prevent  acci- 
dents from  the  force  of  machinery,  deserve  every  encourage- 
ment; and  perhaps,  among  the  improvements  yet  to  be  made 
in  practical  mechanics,  they  will  be  more  conspicuous  than 
they  have  hitherto  been.  It  has  been  asserted,  that  in  the 
neighbourhood  of  Elbingroda,  in  Hanover,  there  was  a  con- 
trivance which  disengaged  the  millstone  when  any  thing  got 
entangled  in  the  teeth  of  the  wheels.  On  b«ing  tried  with 
the  head  of  a  cabbage,  it  crushed  it.  but  not  violently,  and 
■would  by  no  means  have  broken  a  man's  arm. 

The  resistance  which  the  air  opposes  to  any  body  in  mo- 
tion, and  the  friction  of  the  pivots  which  support  the  axis  of 
a  fly,  are  considerable  deductions  from  the  power  communi 
cated  to  this  appendage  of  machinery,  so  that  instead  ot 
really  gaining  power,  a  fly-wheel  requires  a  constant  exertion 
lo  keep  it  in  motion,  even  when  no  further  resistance  is  ap- 
plied to  prevent  it.  For  this  reason,  a  fly-wheel  should 
fterer  be  intrftduced  into  a  machine  unless  the  advantagos  to 
%e  derived  from  its  action  are  greater  than  the  actual  lots  of 
^ower  it  occasions.  In  general,  where  the  power  is  tolerably 
uniform  in  its  action,  if  the  resistance  can  be  made  so  too. 
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a  fly  is  not  necessary.  If  two  hammers  are  raised  at  the 
same  moment  by  a  water-wheel,  during  the  interval  of  their 
descent  much  power  would  be  lost,  unless  it  were  collected 
by  a  fly;  but  if  the  two  hammers,  or  any  other  number, 
were  raised  in  succession,  the  resistance  would  be  rendered 
nearly  as  lyiiform  as  with  a  fly-wheel,  without  its  inconve 
niences. 

A  fly  for  the  accumulation  of  power,  should  be  so  constructed , 
as  to  present  the  smallest  resistance  to  the  air.  A  wheel  is  the 
best  form;  it  should  be  made  of  metal,  that  it  may  have  a  great 
weig*ht  under  a  small  surface,  and  it  should  be  smooth  and 
truly  circular,  without  any  projecting  nuts.  If  the  transverse 
section  of  the  rim  be  a  circle,  and  the  transvere  sections  of 
the  arms  connecting  the  rim  with  the  ceritfe,  be  ellipses,  pre- 
seiiting  their  4iin  edge  to  divide  the  air,  the  fly  will  be  less 
resiflted  by  the  air  than  under  any  other  form.  This  configu- 
ration of  a  fly  is  included  in  a  patent  taken  out  by  Murray 
and  Wood,  of  Leeds.  ^  .  , 

Fly-wheels  are  i^^sually  made  of  iron ;  when  they  are  t90 
large  to  be  cast  in  one  piece,  it  is  very  important  tp  unite  the  . 
parts  in  the  most  substantial  manner;  for  the  centrifugal  force. 
of  a  great  wheel  in  rapid  motion  is  prodigious,  and  if  the  bolts 
be  insu£Ecient  to  withstand  the  strain  upon  them,  the  parts 
broken  ofl*  will  be  projected  with  a  velocity  giving  them  the. 
destructive  power  of  a  cannon-shot. 

Suppose  a  fly  be  employed  in  a  machine  required  to  raise  a 
pestle  of  thirty  pounds  weight  to  the  height  of  one  foot  sixty 
times  in  a  minute;  here  the  weight  of  a  fly  is  a  principal 
object,  and  its  efiect  is  calculated  by  .a  comparison  with  the 
weight  to  be  raised.  Let  the  diameter  of  the  fly  be  seven  feet, 
and  supposing  the  pestle  to  be  raised  once  by  every  revolu- 
tion, we  must  then  consider  what  weight,  passing  in  one 
second,  through  a  space  eoual  to  the  circumference  of  the  fly^  ' 
which  is  about  22  feet,  will  be  equivalent  to  3Q  pounds  pass^ 
tng  through  one  foot  in  a  second.  Thift  will  be  80  divided 
by  22,  or  l^.  Were  a  fly  of  this  kind  applie^«  and  the  ma- 
chine set  .in  motion,  it  would  be  Ible  to  lift  the  pestle  once 
after  the  moving  power  was  withdrawn ;  but  by  increasing  the 
weight  of  the  fly  to  tqn,  twelve,  or  twenty  pounds,  the  macnipe, 
when  left  to  itself,  would,  make  a  considera^ble  number  of 
strokes,  and  after  the  incumbrance  pf  the  fly  at  the  outset  was 
'overcome,  it  would:  be  worked,  with  much  le^s  labour  tbap  if 
itio.-fly  had  been  tised.  The  mode  of  cajculationjiere  adopted^ 
is  equally  applicable  to  jbhe  motion  of  pun^ps;  but  the  height 
o^tich:  caa  be'^mpat  advl^^tage^^s]y  gijiren^j^.,a,4y.bfU^^ 
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Of  Friction. 

Willi  the  exception  of  a  few  incidental  remarks,  we  have 
"litlierto  paid  no  attention  to  the  physical  properties  of  the  ma- 
terials of  which  machines  are  composed,  and  of  the  alterations 
those  properties  occasion  in  the  effects  established  by  theory 
slone.  This  was  necessary,  to  disentangle  the  theory  from  the 
constant  recurrence  of  provisoes  and  limitations,  whiuh  would 
be  best  understood  if  distinctly  considered  ;  but  we  must  now 
proceed  to  point  out  the  impediments  to  the  perfect  action  of 
machines,  and  the  allowances  to  he  made  for  them. 

Among  the  various  physical  causes  which  occasion  a  dif- 
ference between  theory  and  practice,  with  respect  to  machines, 
the  two  following  may  be  considered  the  most  important  and 
most  general :  1.  The  weight  of  the  parts  composing  ihe'ma- 
chines.  2.  Friction,  a  term  which  designates  tba  obstruction 
to  the  motion  of  a  mqchine,  produced  by  the  resistance  of  ^he 
air,  as  well  as  that  produced  by  the  rubbing  of  one  part 
against  another.  In  trying  experiments  to  exemplify  the 
theory  of  the  lever,  it  has  been  shewn  that  the  shorter  arm 
must  be  made  as  heavy  as  the  longer  arm,  olhenvise  they  will 
not  perfectly  eucceed.  This  shews  the  principle  on  whicli  al- 
lowances must  be  made  for  the  weight  of  niacliinery,  and  how 
this  cause  of  obstruction  may  be  obviated.  Friction  is,  how- 
ever, n  cause  of  obstruction  always  present;  it  may  be  dimi- 
nished by  \'arious  artifices,  but  never  entirely  removed. 

Leslie,  in  his  valuable  work  on  the  nature  and  propagation 
of  heiit.  adverts  to  the  cause  of  friction  ina  very  able  manner: 
"  If  the  two  surfaces,"  says  he,  "  which  rub  against  t-ncli  other, 
are  rough  and  cneven,  there  is  «  necessary  waste  of  fDrce.  oc- 
casioned liy  the  grinding  and  obrasion  of  their  prominences. 
But  friction  subsists  after  the  contiguous  surface*  arc  worked 
down  as  regular  and  smooth  as  possible.  In  fact,  ilic  most 
ehfbnrute  polish  can  operate  no  other  change  thim  to  dimitiish 
the  siie  ot  the  natural  asperities.  The  surface  of  a  body  being 
moulded  by  its  internal  structure,  must  evidently  be  furrowed, 
toothed,  or  serrated.  Friction  is,  therefore,  commonly  ex- 
plamed  on  the  principle  of  the  inclined  plane,  from  the  effort 
required  to  make  the  incumbent  weight  mount  over  a  aucces- 
•ion  of  eminences.  But  this  explication,  how«ver  currently 
repeated,  is  quite  insufhciont.  The  mass  whicJi  is  drawa 
along  is  not  continually  ascending;  it  must  nlternatfly  rise 
and  fall :  for  each  superficial  prominence  will  have  a.  corre- 
sponding cavity;  and  since  lh«  boundary  of  contact  is  luppofted 
to  be  horiEonial,  the  total  elL-vatioRs  will  be  equalled  by  their 
collateral  depressions ;  consequently,  if  the  lateFal  force  might 
13.— Vol.  I.  2  X 
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suffer  a  perpetual  diminution  in  lifting  up  the  weight,  it  would* 
the  next  moment,  receive  an  equal  increase  by  letting  it  down 
again ;  and  those  opposite  effects,  destroying  each  other,  could 
have  no  influence  wnatever  on  the  general  motion. 

"  Adhesion  seems  still  less  capable  of  accounting  for  the 
origin  of  friction.  A  perpendicular  force  acting  on  a  -solid, 
can  evidently  have  no  effect  to  impede  its  progress;  and  though 
this  lateral  force,  owing  to  the  unavoidable  ineoualities  of 
contact,  may  be  subject  to  a  certain  irregular  obliquity,  the 
balance  of  chances  must,  on  the  whole,  have  the  same  tendency 
to  accelerate,  as  to  retard,  the  motion.  If  the  conterminous 
surfaces  were,  therefore,  to  remain  absolutely  passive,  no  fric- 
tion could  ever  arise.  Its  existence  demonstrates  an  unceas- 
ing mutual  change  of  figure,  the  opposite  planes,  during  the 
passage,  continually  seeking  to  accommodate  themselves  to  all 
the  minute  and  accidental  varieties  of  contact.  The  one  sur- 
face being  pressed  against  the  other,  becpmes,  as  it  were,  com- 
pactly indented,  Uy  protruding  some  points  and  retracting 
others.  This  adaptation  is  not  accomplished  instantaneously, 
but  requires  very  different  periods  to  attain  its  maximum,  ac- 
cording to  the  nature  and  relation  of  the  substances  concerned* 
In  some  cases  a  few  seconds  are  sufficient;  in  others,  the  full 
effect  is  not  produced  till  after  the  lapse  of  several  days. 
While  the  incumbent  mass  is  drawn  along,  at  every  stage  of 
its  advance,  it  changes  its  external  configuration,  and  ap- 
proaches more  or  less  towards  a  strict  contiguity  with  the  un- 
der surface.  Hence  the  effort  required  to  put  it  first  in  mo- 
tion ;  and  hence,  too,  the  decreased  measure  of  friction,  which, 
if  not  deranged  by  adventitious  causes,  attends  generally  an 
augmented  rapidity.  This  appears  clearly  established  by  the 
curious  experiments  of  Coulomb,  the  most  original  and  valu- 
able which  have  been  made  on  that  interesting  subject.  Fric'^ 
tion  consists  in  the  force  expended  to  raise  continually  the  surface 
of' pressure  by  an  oblique  action.  The  upper  surface  travels  oVer 
a  perpetual  system  of  inclined  planes  ;  out  that  system  is  ever 
changing  with  alternate  inversion.  In  this  act,  the  incumbent 
weight  makes  incessant,  yet  unavailing,  efforts  to  ascend  :  for 
the  moment  it  has  gained  the  summits  of  the  superficial  pro- 

'  minences,  these  siuR  down  beneath  it,  and  the  adjoining  cavi- 
ties start  up  into  elevations,  presenting  a  new  series  of  ob- 
stacles which  are  again  to  be  surmounted ;  and  thus  the  la- 
bours of  Sisiphus  are  realized  in  the  phenomena  of  friction. 

"The  degree  of  friction  must  evidently  depend  on  the 
angles  of  the  natural  protuberances,  and  which  are  determined 
by  the  elementary  structure  or  the  mutual  relation  of  the 

'  two  approximate  aubstances.     Th^  effect  of  polishing   ia 
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only  to  abridge  tbose  asperities  and  increase  their  number, 
witliout  altering  in  any  respect  their  curvature  or  intlexiona. 
The  constant  or  successive  acclivity  produced  by  the  ever- 
varyinw  adaptation  of  the  contiguous  surfaces,  remains,  there- 
fore, tne  same,  and  consequently  the  expense  of  force  will 
still  amount  to  the  same  proportion  of  the  pressure.  The 
intervention  of  a  coat  of  oil,  soap,  or  tallow,  by  readily 
accommodating  itself  to  the  variations  of  contact,  must  tend 
to  equalize  it,  and  therefore  must  lessen  the  angles,  or  sol'ien 
tile  contour,  of  the  successively  emerging  prominences,  and 
thus  diminish  likewise  the  friction  which  thence  results." 

The  friction  of  a  single  lever  ia  very  trifling.  The  friction 
of  the  wheel  and  axle  is  in  proportion  to  the  weight,  velocity, 
and  the  diameter  of  the  axle  ;  the  smaller  the  diameter  of  the 
axle,  the  less  will  be  the  friction. 

Pulleys  have  very  great  friction,  on  account  of  the  smallness 
of  their  diameters  in  proportion  to  that  of  their  axles,  and 
their  friction  is  greatly  increased  when  they  bear,  as  they  are 
very  apt  to  do,  against  their  blocks,  and  when  their  centres 
and  axles  are  worn  untme. 

The  friction  of  bodies  is  in  general  proportionate  to  their 
weight,  or  the  force  with  which  their  rubbing  surfaces  are 
pressed  together;  and  is  for  the  most  part  ec[uat  to  between 
one-half  and  one-fourth  of  that  force.  Although  friction  in- 
creases with  an  increase  of  surface,  yet  this  does  not  lake 
place  in  direct  proportion  to  that  increase.  It  also  increases, 
with  some  exceptions,  in  proportion  to  the  velocity  of  bodies, 
particularly  when  very  different  substances  are  employed  with- 
out on  unguent. 

According  to  Emerson,  when  a  cubical  piece  of  soft  wood, 
of  eight  pounds  weight,  moves  upon  a  smooth  plane  of  soft 
wood,  at  the  rate  of  three  feet  per  second,  its  friction  is  about 
one-third  of  its  weight;  but  if  it  be  rough,  the  friction  is 
little  less  than  half  the  weight:  on  the  same  supposition, 
when  both  the  pieces  of  wood  are  very  smooth,  the  friction 
is  about  one-fourth  of  the  weight;  the  friction  of  soft  wood 
on  hard,  or  of  hard  wo6d  on  soft,  is  one-fifth  or  one-sixth 
of  the  weight;  of  hard  wood  upon  hard  wood,  one-seventh 
or  one-eighth ;  of  polished  steel  moving  on  steel  or  pew- 
ter, one-murth;  moving  on  copper  or  lead,  one-fifth  ol  the 
weight. 

It  was  generally  supposed,  that  in  the  case  of  wood,  the 
kiction  is  greatest  when  the  bodies  are  dragged  contrary  to 
llie  course  of  their  fibres;  but  the  experiments  of  Coulomb 
lemonstrate  the  contrary. 
{The  longer  the  rubbing  surfaces  remain  in  contact,  the 
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greater  is  theit  friction.  When  wood  web  moved  upon  wo^ 
accordinjg  to  the  direction  of  the  fibres,  the  friction  was  in'* 
creased  by  peeping  the,  surfaces  in  contact  for  a  few  seconds; 
and  wheii  the  time  was  prolonged  to  a  minute,  the  friction 
seemed  to  have  reached  its  farthest  limit.  But  when  the 
motion  was  performed  contrary  to  the  course  of  the  fibr^Sp 
a  greater  time  was  necessary  before  the  friction  arrived  at  its. 
maximum.  When  wood  was  moved  upon  metal,  the  frictioa 
did  not  attain  its  maximum  till  the  surfaces  continued  in  con«- 
tact  for  four  or  five  days;  and  it  is  very  remarkable,  that 
when  wooden  surfaces  were  anointed  with  tallow,  the  time  re* 
quisite  for  producing  the  greatest  quantity  of  friction  was  in- 
creased, xhe  increase  of  friction  which  is  generated  by  pro- 
longing the  time  of  contact  is  so  great,  that  a  body  weighing 
1650  pounds  was  moved  with  a  force  of  64  pounds  when  fifst 
laid  upon  its  corresponding  surface.  After  having  remained 
in  contact  for  the  space  of  three  seconds,  it  required  160 
pounds  to  put  it  in  motion,  and  when  the  time  was  prolonged 
to  six  days,  it  could  scarcely  be  moved  with  a  force  of  622 
pounds.  When  the  surfaces  of  metallic  bodies  were  moved 
upon  one  another,  the  time  of  producing  the  greatest  effect  or 
maximum  of  friction  was  not  changed  by  the  interposition  of 
olive  oil ;  more  time,  however,  was  reauired  to  produce  the 
maximum  when  swine's  grease  was  employed  as  ati  unguent ; 
and  it  was  prolonged  to  five  or  six  days  when  the  surfaces 
had  been  besmeared  with  tallow. 

In  wood  rubbing  upon  wood,  oil,  grease,  or  black-lead,  pro- 
perly applied,  makes  the  friction  two-thirds  less.  Wneel 
navbs,  when  greased,  have  not  more  than  one-fourth  of  the 
friction  they  would  have  if  only  wetted. 

When  polished  steel  moves  on  steel  or  pewter,  properly 
oiled,  the  friction  is  about  one-fourth  of  the  weight ;  on  cop- 
per or  lead,  one-fifth  of  the  weight ;  on  brass,  one-sixth ; 
and  metals  have  more  friction  when  they  mov^  on  metals 
of  the  same  kind^  than  when  they  move  on  different  metals* 
This  seems  principally  owing  to  the  superior  strength  of 
the  attraction  of  cohesion  between  similar  metals.  It  is 
always  desirable,  therefore,  to  make  the  parts  of  machines 
opposed  to  or  working  in  each  other,  of  different  materials; 
thus,  in  clocks  and  watches,  the  wheels  are  brass,  and  the 
pinions  steel,  and  iron  pivots  are  made  to  work  in  brass 
or  bell-metal  collars.  The  axes  of  wheels  should  also  be 
made  as  small  as  the  weight  they  have  to  bear  will  allow ; 
because  the  diminution  of  the  surfaces  rubbing  against  each 
other,  will  be  attended  with  a  diminution  of  the  friction. 

According  te  Vince's  experiments,  which  were  mcide  With 
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I  .Bodies  in  motion  is  a  uniformly  retarding  force.  Experiments 
_  were  instituted  to  deteimine  whether  the  Banie  law  obtained 
-.when  the  bodies  were  covered  with  cloth,  woollen,  &c.  and  it 
ifras  found,  in  ail  cases,  that  the  retarding  force  increased  with 
'-Ihe  velocity;  but  on  covering  the  bodies  with  paper,  the  re- 

■  '.ftults  agreed  with  those  before  stated.  By  other  experiments, 
.:the  same  philosopher  found,  that  the  quantity  of  friction, 
'contrary  to  the  prevailing  opinion,  increased  in  a  less  ratio 
than  the  quantity  or  weight  of  the  body;  also,  that  the  smallest 
<tirface  has  the  least  friction.  It  may  be  proper  to  describe 
.4he  apparatus  by  which  these  results  were  obtained  :  a  plane 
.  iras  adjusted  parallel  to  the  horizon;  at  the  extremity  was 

I  placed  a  pulley,  whioh  could  be  elevated  or  depressed,  so  as 
to  render  the  string  which  connected  tlie  body  and  the  moving 
force,  parallel  to  the  plane.  A  divided  scale  was  placed  near 
the  pulley,  perpendicular  to  the  horizon ;  and  the  moving  force 
descended  by  the  side  of  this  scale.  A  moveable  stuge  was 
placed  upon  the  scale,  which  could  be  adjusted  to  the  space 
through  which  the  niovinrf  force  descended  in  any  given  lime, 
which  time  was  measured  by  a  well  regulated  pendulum,  vi- 
brating seconds. 

According  to  Coulomb's  experiments,  which  were  con- 
ducted on  a  large  scale,  and  are  therefore  much  relied  on, 
the  friction  of  lignum-vitse  cylinders,  two  inches  in  diameter, 
and  loaded  with  one  thousand  pounds,  was  18  pounds,  or 
nearly  ^  of  the  weight  or  force  of  pression.  In  cylinders  of 
elm,  the  friction  was  greater  by  J,  and  was  scarcely  diminished 
by  the  interposition  of  tallow.  From  a  variety  of  experiments 
on  the  friction  of  the  axes  of  pulleys,  the  iollowiug  results 
were  obtained;  when  an  iron  axle  moved  in  n  brass  bush  or 
bed,  the  friction  was  J  of  the  pression ;  but  when  the  buah 
was  besmeared  with  very  clean  tallow,  the  friction  was  only 
•fr;  when  swine's  grease  was  Interposed,  tile  friction  was 
about  j^,  and  when  olive  oil  was  employed,  it  was  about  4' 
When  the  axle  was  of  green  oak,  and  the  bush  of  tigmnn- 
vilBB,  the  friction  was  5V  when  tallow  was  interposea;  bu[ 
when  the  tallow  was  removed,  so  that  a  small  quantity  of 
grease  only  covered  the  surface,  the  friction  was  increased 
to  -rr-  When  the  bush  was  made  of  elm,  the  friction  was,  in 
similar  circumstances,  Vj  and  Vat  "hich  is  the  least  of  all. 
When  the  axle  was  made  of  box,  and  the  bush  of  lignum-vitas, 
the  friction  was  ^  and  -,l_  circumstances  being  the  same  as 
before.  If  the  axle  be  of  boxwood,  and  the  bush  of  elm, 
the  friction  will  be  jV  and  j'o  ;  and  if  the  axle  be  of  iron,  and 
tile  bush  of  elm,  the  frictionwillbe  j'^jof  the  force  of  pression. 
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In  calculating  the  force  of  an  engine,  friction  shoald  never 
be  overlooked.  Though  it  varies  so  much  with  circumstances^ 
that  it  is  not  yet  reduced  to  certain  rules,  still  the  specific. 
details  we  have  given  will  enable  the  ^oung  mechanic  to  come 
tolerably  near  the  truth,  in  ascertaining  its  amount,  at  each 
part  of  a  machine,  according  to  the  pressure,  surface,  and  ma* 
terials ;  and  as  he  goes  along  from  tne  power  to  the  resistance^ 
he  must  consider  uiese  amounts  as  actual  deductions  from  the 
advantage  of  the  machine.  It  must  be  understood,  that  the 
amount  of  friction  stated  in  this  section,  will  apply  only  to 
machines  that  are  well  made ;  the  loss  of  power  that  may  be 
occasioned  by  bad  workmanship  is  incalculable,  and  as  bad 
workmanship  may  exist  when  it  is  not  perceived,  no  conjec- 
tural calculation  should  be  relied  on,  when  the  real  loss  of 
power  can  be  obtained  by  experiment. 

One  general  rule  of  preventing  friction  is  to  substitute, 
whenever  it  is  possible,  the  rolling  for  the  sliding  motion. 
Every  one  knows  that  a  weight  which  the  application  of  a 
given  force  cannot  drag,  may  be  easily  drawn  along  by  the 
same  force,  if  mounted  upon  wheels  turning  on  their  axes. 
On  this  principle  depends  the  utility  of  what  are  called  fric- 
tion rollers,  wnich  are  small  cylinders  or  spheres  interposed 
so  as  to  revolve  between  surfaces  that  would  otherwise  rub 
upon  each  other;  or  small  wheels  so  disponed  that  the  pivots 
of  larger  wheels  revolve  upon  their  circumferences,  instead  of 
turning  in  a  bush  or  socket.  Three  wheels,  it  is  obvious,  if 
they  touch  the  different  sides  of  the  pivot  in  three  points  equi* 
distant  from  each  other,  will  support  it  as  effectually  as  a 
cylindrical  socket,  which  would  have  far  greater  friction. 
When  the  motion  to  which  these  rollers  or  wheels  are  sub- 
jected, is  equal  and  steady,  the  use  of  them  will  often  be  pro- 
ductive of  permanent  advantage ;  but  when,  as  for  the  axle- 
trees  of  carriages,  they  are  subject  to  violent  strains,  jolts, 
and,  occasionally  at  least,  to  enormous  pressure,  they  are, 
however  excellent  in  principle,  seldom  found  of  much  practi- 
cal utility,  and  are  often  positively  injurious ;  for  they  and  the 
parts  bearing  upon  them,  either  do  not  receive  from  the  work- 
man the  precise  figure  they  ought  to  have,  or  if  well  made, 
they  wear  so  unequally  as  soon  to  lose  that  correctness  of 
figure  which  is  inseparable  from  their  value. 
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mt'O/the  Application  of  Men  and  Hones,  as  moving  Powers  in 
Mac/iineri/,  !(t:. 

,  man  turning  a  horizontal  windlass  by  a  handle  or  winch, 
should  not  have  to  exert  a  greater  force  than  30  pouiuis,  if  he 
have  Ic  work  ten  hours  a  day ;  tlierefore  the  power  exhntisted 
by  friction,  the  stitTneKS  of  ropes,  and  the  intensity  of  the  re- 
sistance, should  not.  altogether,  require  more  than  a  force  of 
30  pounds  to  overcome  them. 

In  the  operation  of  turning  a  winc^h,  the  effect  of  a  ninn's 
force  varies  in  every  part  of  the  circle  described  by  the  handle. 
The  greatest  force  is  when  he  pulls  the  handle  upwaids  from 
about  the  height  of  his  knees ;  and  the  least  force,  when,  the 
handle  being  at  the  tnp,  he  thrusts  from  him  horizontally;  then 
again  the  etiect  is  increased  as  he  lays  on  his  weight  in  push- 
ing downwards  i  but  that  action  is  not  so  great  as  when  he 
Euils  up,  because  it  is  merely  produced  by  the  weight  of  his 
ody,  whereas,  in  pulling  up,  be  can  exert  his  whole  strength. 
In  pulling  the  handle  horizontally,  when  at  its  lowest,  the  force 
exerted  is  very  small. 

The  weight  of  a  man  of  moderate  strength,  may  be  stated 
at  140  pounds,  and  such  a  person  may  be  considered  capable 
of  exertinii;  the  following  forces,  viz.  in  the  strongest  point,  or 
that  position  of  the  winch  which  is  most  favourable  to  him,  a 
force  etjual  to  160  pounds ;  in  the  weakest,  a  force  equal  to  27 
pounds )  ill  the  next  strong  point,  130  pounds ;  and  in  the  last, 
or  second  weak  point,  30  pounds.  The  sum  of  these  forces  is 
347,  which,  divided  by  4,  gives  843  pounds  for  the  weiiiht  that 
a  man  might  lift  by  a  winch,  if  he  could  e.\ert  his  whole 
strength  continually,  without  stopping  to  take  breatli ;  but  this 
being  impossible,  the  weight  must  return,  and  overpnsver  him 
at  the  first  weak  point,  especially  when  the  handii.'  moves 
slowly,  as  it  must  if  he  would  exert-  his  utmost  strtngth  all 
round.  Besides,  in  overcoming  such  a  resistance,  the  man  is 
in  theory  supposed,  to  set  always  along  the  tangent  of  the  cir- 
cle of  motion,  which  application  of  his  force  is  not  practicable; 
and  there  must  also  be  such  a  velocity  given,  that  the  force 
applied  at  the  strong  points  mav  not  be  spent  before  the  hand 
comes  to  the  weak  ones,  which  is  a  regulation  of  exertion  also 
unattainable ;  hence,  when  no  adventitious  advantages  are 
■uperadded,  the  resistance  ought  to  be  no  more  than  30 
pounds.  If  ft  fly  be  added  to  the  windlass,  when  the  motion 
IB  pretty  quick,  as  about  four  or  five  feet  per  second,  a  man 
may  exert  for  a  short  time  a  force  of  80  pounds,  and  work  a 
whole  day  against  a  resistance  of  40  pounds. 
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If  the  windlass  be  provided  with  two  handles,  one  at  each 
extremity,  and  the  elbows  of  thf^se  handles  are  at  right  angles 
to  each  other,  two  men  will  more  easily,  for  the  same  length 
of  time,  act  against  a  constant  resistance  of  70  pounds,  than 
a  single  man  against  30  pounds ;  for  one  man  will  act  at  the 
strongest  point  while  the  other  acts  at  the  weakest  point  of 
the  revolution,  and  thus  they  will  mutually  and  successively 
help  one  another.  The  utility  of  this  disposition  of  the 
bandies  is  now  generally  known  and  attended  to,  but  it  waa 
formerly  little  thought  of. 

The  whole  art  of  carrying  large  burdens  consists  in  keeping 
the  column  of  the  body  as  directly  under  the  weight  and  as 
upright  as  possible.  Standing  in  his  natural  posture,  a  man 
can  support  a  weight  which  would  break  the  back  of  the 
strongest  horse.  The  reason  is  evident :  the  column  of  the 
man's  bones  support  the  weight  directly;  but  the  weight  is 
laid  across  the  column  of  the  horse.  The  more  a  man  benda 
his  body,  the  less  weight  he  can  support;  hence  two  men  car- 
rying a  load,  can  sustain  much  more  than  double  the  weight 
\vhich  either  of  them  could  carry  separately,  because  they  can 
move  more  upright,  and  with  the  column  of  their  bones  more 
opposed  to  it.  Chairmen  having  straps  from  their  shoulders 
to  the  poles  of  the  chair,  will  walk  with  300  pounds  (that  is 
150  pounds  each)  at  the  rate  of  four  miles  an  hour.  A  portev 
will  carry  upon  his  shoulders  a  load  of  180  pounds,  and  walk 
at  the  rate  of  three  miles  an  hour ;  a  coal-heaver  will  carry  250 
lounds,  but  he  only  goes  to  a  short  distance  with  his  load* 
n  rowing,  men  exert  their  strength  with  great  effect ;  and  they 
more  usually  draw  the  oar  to  them  than  push  it  from  them, 
because,  in  the  former  case,  they  can  bring  into  action  a 
greater  number  of  muscles,  and  experience  quickly  convinces 
them  of  the  best  mode. 

A  horse  draws  with  the  greatest  advantage  when  the  line  of 
draught  is  not  level  with  his  breast,  but  inclines  upward^ 
making  a  small  angle  with  the  horizontal  plane. 

A  horse  drawing  a  weight  over  a  single  pulley  can  exert 
a  force  of  200  pounds,  while  walking  at  the  rate  of  tWo 
miles  and  a  hall  per  hour,  or  about  three  feet  and  a  half 
er  second.  If  the  same  horse  have  to  draw  ^40  pbunds* 
e  can  work  but  six  hoars  a  day,  and  cannot  go  quite  so 
fast.  To  this  mode  of  exertion  may  be  referred  the  worfc^ 
Cng  of  horses^  in'  all  setts  of  mills,  in  calculating  the  pro'* 
bable  efTett  of  which,  previous  to  their  being  erected,  after 
making  the  neecesary  allowances  for  all  frictions  and  hin« 
derances,  the  task  assigned  to  the  horse  should  be  carefully 
determined. 
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Powtt  of  ImrMs. — DiOennt  luadi  of  miJli. 

P-The  force  with  which  a  horse  acts  is  compouiideii  of  ha' 
ffeight  and  muscular  Btrength.    If  then  ihe  weight  of  oaehotsf  ' 
exceed  that  of  another  to  which  it  is  inferior  wllk  reiipect  to 
strength,  the  weaker  horse  will  overcome  a  resistance  which  ' 
the  stronger  caonot,  provided  the  excess  of  his  weight  in  th^ 

lallest  degree  exceeds  lus  deficiency  in  strength. 

When  11  horse  draws  in  a  mill  or  gin  of  any  kind,  great  card 

lould  be  taken  that  the  horse-walk,  or  circle  in  which  he 
moves,  he  large  enough  in  diameter,  otherwise  he  cannot  exert 
all  his  strength  :  for  in  a  small  circle,  the  tangent  in  which  he 
draws,  deviates  more  from  the  circle  in  which  he  is  obliged  to 
go  than  in  a  larger  circle.  The  diameter  of  the  hort>e-walk 
should  never,  if  possible,  be  less  than  forty  feet.  In  a  walk  of 
nineteen  feet,  it  has  been  calculated  that  a  horse  loses  two- 
afths  of  his  strength. 

A  horse  exerts  his  force  to  the  greatest  disadvantage  In  draw- 
ing or  carrying  up  a  hill.  The  hiitnau  form  is  so  much  better 
adapted  for  climbing  than  that  of  a  liorse,  that  if  the  hill  bs 
Bteep,  three  men  will  do  more  than  a  horse ;  each  man,  loaded 
with  100  pounds,  will  move  up  faster  than  a  horee  that  is 
loaded  with  300  pounds.  Dut  one  horse  can  ^ive  motion  to 
the  horizontal  beam  in  a  walk  of  forty  feet,  with  as  mucli  ease 
as  five  men;  in  a  walk  of  nineteen  feet,  three  men  would  exert 
themselves  with  as  much  effect  as  a  horse. 
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Of  Mill  Work. 
'he  term  mill,  originally  signified  a  machine  for  grindii^ 


ifn ;  but  at  present  the  expression  mill-work  is  frequently  I 
fpptied  to  all  kinds  of  machinery  where  large  wheels  are  ciUf  i 
ployed.  .    I 

Mills  are  distinguished  into  variouc  kinds,  eithar  according 
lo  the  powers  by  whichthey  are  moved,  or  the  uses  to  which 
ihey  are  appliea;  hence  we  have  wnttr-tnilh,  hone-mills,  anp 
wi/ui-milh;  corii-mi/ls,  Jul/iug-mi/h,  powdtr-milU,  bariiig-miutp 
&c.  These  appellations,  indefinite  as  they  are,  answer  ths 
purpose  of  common  conversation  ;  but  it  is  evident,  that  a  mi^ 
is  not  completely  named,  unless  its  use  as  well  as  its  motivf 
force,  is  designated. 

In  ancient  times,  corn  was  ground  only  by  hand-mills,  coqr' 
sisting  of  two  stones,  similar  lo  those  used  m  water-mills,  biiiB 
much  smaller,  the  lower  one  belii;^  fixed,  and  the  upper  on^ 
having  a  piece  of  wood  fastennd  iiitu  it  to  move  it  by.  Ma- 
chines of  this  description  are  still  used  in  India,  and  also  in' 
some  sequestered  parts  of  Scotland;  in  ilie  latter  country,  they 
are  called  querm:  but  in  general,  wherever  large  quantities  (tf 
I6.-V0L.L  2Y 
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Different  kindi  of  wnter-wbeets. — Direetiou  to  ot>t«n  the  reloeitj  of  a  streHO* 

grain  are  to  be  ground,  they  hAre  been  entirely  superseded  by 
mills  not  moved  by  manual  labour. 

In  treating  of  water-mills,  which  will  here  be  our  principal 
object,  we  shall  have  occasion  to  advert  to  the  most  eligible 
mode  of  forming  the  cogs  of  wheels,  and  other  particulars  ap- 
plicable to  machinery  rn  general,  and  shall  .conclude  with  a 
description  of  the  most  simple  form  of  the  water  corn-mill. 

Water-mills  are  of  three  kinds,  viz.  breast-mills,  undershot-' 
mills,  and  over  shot-mills,  according  to  the  manner  in  which  the 
water  is  applied  to  the  great-wheel.  In  the  first,  the  water 
falls  down  upon  the  wheel  at  right  angles  to  the  float-boards  or 
buckets  placed  all  round  the  wheel  to  receive  it.  In  the  second, 
which  is  used  where  there  is  no  fall  but  a  considerable  body  of 
water,  the  stream  strikes  the  float-boards  at  the  lower  part  of 
the  wheel.  In  the  third,  the  water  is  poured  over  the  top,  and 
is  received  in  buckets  formed  all  round  the  wheel. 
i  It  was  the  opinion  of  Smeaton,  that  the  powers  necessary, 
to  produce  the  same  efiect  on  the  undershot-wheel,  a  breast- 
wheel,  and  an  overshot-wheel,  must  be  to  each  other  as  the 
numbers  2.4, 1.75,  and  1. 

The  effect  or  momentum  of  water  depending  jointly  upon 
its  velocity  and  its  quantity,  it  is  of  importance  to  ascertain 
these  particulars;  Dr.  Desaguliers  has  given  the  following 
easy  directions  for  the  purpose :  Observe  a  place  where  the 
banks  of  the  river  are  steep,  and  nearly  parallel,  so  as  to  make 
a  kind  of  trough  for  the  water  to  run  through  ;  then  by  taking 
the  depth  in  varlbus  parts  of  the  stream's  breadth,  obtain  a 
^correct  section  of  the  river.  Stretch  one  line  over  it  at  right 
angles,  and  another  at  a  small  distance  above  or  below,  but 
perfectly  parallel.  Now  throw  in  some  buoyant  body  (such 
as  an  apple,  which  will  not  float  so  hi^h  as  to  be  ali'ected 
by  the  wind)  immediately  above  the  upper  line :  observe  the 
time  it  occupies  in  passing  from  dne  to  the  other  string. 
Thus  you  ascertain  how  many  feet  the  current  runs  in  a  se- 
cond, or  in  a  minute.  Then  having  the  two  sections,  that  is, 
one  at  each  line,  reduce  them  to  a  mean  or  average' dfpth, 
and  compute  the  area  of  the  mean  section,  which  being  multi- 
plied by  the  distance  between  the  lines,  will  give  tne  solid 
contents  of  the  intermediate  volume  of  fluid,  which  in  the 
noted  time  passed  from  one  string  to  the  other.  Now  this 
w^y»  by  the  rule  of  three,  is  adapted  to  any  portibn  of  time  ; 
the  question  being  merely,  if  the  velocity  be  such  in  such  an 
area,  or  trough,  what  would  be  the  velocity  in  another  of  less 
size.  It  is  oDvious,  that  if  the  area  give'  twelve  solid  feet,  and 
that  the  water  passed  at  the  rate  of  four  feet  in  a  second, 
through  a  conduit  of  one  foot  square,  if  the  conduit  wei^ 
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only  six  inches  square,  the  velocity  would  be  as  sixteen  to 
four;  or  in  other  words,  quadrupled. 

Tlie  arch  of  a  bridge  is  often  an  excellent  station  for  ob- 
scirving  the  force  of  a  stream;  because  the  sides  are  there  rc- 
g^iiiar,  and  the  intermediate  spate  may  be  correctly  measured. 
cut  the  depth  is  not  always  to  be  ascertained  in  such  places 
without  the  aid  of  a  boat,  or  of  two  intelligent  assistants,  who 
siiould  be  very  correct  in  their  observations.  The  arch  of  a 
bridge  is  not  a  proper  station,  when  the  velocity  of  the  cur- 
rent is  accelerated  for  want  of  sufficient  water-way.— For  some 
further  remarks  on  this  subject,  see  page  110,  vol.2. 
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■lical  liulcs  and  Obsei-vathiis  reliiltve  to  the  Construction  of 
Water-Milh. 

1 .  Measure  the  perpendicular  height  of  the  fall  of  water,  in 
feet,  above  tliat  part  of  the  wheel  on  which  the  water  begins 
to  act,  and  call  that  the  height  of  the  fall. 

2.  Multijaly  this  constant  number  G4.2822  by  the  height  of 
the  fall  in  feet,  and  the  square  root  of  the  product  will  be  the 
velocity  of  the  water  at  the  bottom  of  the  fall,  or  the  number 
of  feet  that  the  water  there  moves  per  second, 

3.  Divide  the  velocity  of  tJie  water  by  three,  and  the  quo- 
tient will  be  the  velocity  of  the  float-boards  of  the  wheel,  or 
the  number  of  feet  they  must  each  go  through  in  a  second. 
when  the  water  acts  upon  them  so  as  to  have  the  greatest 
power  to  turn  the  mill. 

4.  Divide  the  circumference  of  the  wheel  in  feet  by  the  velo- 
city of  its  Boats  in  feet  per  second,  and  the  quotient  will  be 
the  number  of  seconds  in  which  the  wheel  turns  round- 

5.  By  this  last  number  of  seconds  divide  60,  and  the  quo- 
tient will  be  the  number  of  turns  of  the  wheel  in  a  minute. 

6.  Divide  120  (the  number  of  revolutions  a  mill-stone  four 
feet  and  a  half  in  diameter  ought  to  have  in  a  minute)  by  the 
number  of  turns  of  the  wheel  in  a  minute,  and  the  quotient 
will  he  the  number  of  turns  the  mill-stone  ought  to  have  for 
one  turri  of  the  wheel. 

7.  Then,  as  the  number  of  turns  of  the  wheel  in  a  minute  is 
to  the  number  of  turns  of  the  mill-stone  in  a  minute,  so  must 
the  number  of  staves  in  the  trundle  be  to  the  number  of  cogs 
in  the  wheel,  in  the  nearest  whole  numbers  that  can  be 
found. 

By  these  rules  the  following  table  is  calculated  to  a  water- 
wheel  eighteen  feet  in  diameter,  which  size  has  been  found  by 
experience  to  be  the  most  eligible  for  general  use. 
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The  Millvrigkt's  Table. 
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•  37 

9  . 

•70 

98 

10 

121  .22 

20 

35. 

■  86 

11 

■  95 

12. 

•  68 

9. 

•  46 

94 

10 

119.18 

1 

2 

3 

4 

5 

i 

) 

7 

To  construct  a  mill  by  this  table,  find  the  height  of  the  fall 
of  water  in  the  first  column,  and  against  that  height  in  the 
sixth  column,  is  given  the  number  of  cogs  in  the  wheel  and 
staves  in  the  trundle,  for  causing  a  mill-stone  four  feet  six 
inches  in  diameter,  to  make  120  revolutions  in  a  minute  as 
nearly  as  possible,  when  the  circumference  of  the  wheel  mov^s 
with  one-third  part  of  the  velocity  of  the  water.  And  it  ap- 
pears by  the  seventh  column,  that  the  number  of  cogs  ia  the 
wheel,  and  staves  in  the  trundle,  are  so  nearly  adapted  to  the 
required  purpose,  that  the  least  number  of  revolutions  of  the 
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millstODe  in  a  minute  is   l\H,  and  tlie  greatest  number  ex-, 
ceeds  not  121,  which  is  according  to  the  Kpeed  of  some  of  the^  1 
best  mills.  .  * 

It  should  be  observed,  that  the  breadth  of  the  water-whefilj 
ought  to  correspond  with  the  power  necessary  on  the  occasion^  ! 
supposlog  thatn  proportionate  volume  of  water  is  at  command^  1 
for  a  wheel  of  two  feet  in  breadth  will  be  more  than  doubly  aai  j 
powerful  as  one  only  a  foot  broad,  there  being  a  double  volumv  J 
of  wwter  actinir  iijion  it,  while  the  friction  of  the  axis  is  by  no^ 
means  doubled  with  this  augmentation  of  breadth. 

To  compute  the  etiects  of  water-wheeU  with  precision 
necessary  to  ascertain,  1.  Tlie  real  velocity  of  the  wiiter  whiohfl 
acts  upon  the  wheel;  2.  the  quantity  of  water  expended  in  a  | 
given  time ;  and  3.  how  much  of  the  power  is  lost  by  friction:)  1 
AftKr  a  variety  of  experiments,  Snieaton  found  that  the  nieatVl 
power  of  a  volume  of  watfr  15  inches  in  height  gave  8.96  feetf  | 
of  velocity  in  each  minute  to  a  wheel  on  wnich  it  inijpingi 
The  computation  of  the  power  to  produce  such  an  effect,  al-^  I 
lowing  the  head  of  water  to  be  105.8  inches,  gave  264.7  pounds  | 
of  water  descending  in  one  minute  through  the  space  of  Ifi*  I 
inches ;  therefore  284.7,  multiplied  by  15,  was  equal  to  3.970v('| 
But  as  that  power  will  raise  no  more  than  9.375  pounds  to  thtf  1 
height  of  135  inches,  it  was  manifest  that  the  major  part  of  the*  1 
powtr  was  lost;  for  the  multiplication  of  these  two  sums  only  1 
amounted  to  1,266;  of  course  the  friction  was  equal  to  threes  1 
fourths  of  the  power.  Thedistinguised  Engineer  above-meiw  J 
tioned,  considers  this  the  maximum  single  effect  of  water  upot||  1 
an  undershot-wheel,  where  the  fall  ia  fifteen  inches.  The  rerf  1 
mainder  of  power,  it  is  plain,  must  equal  that  of  the  veloeitjl  1 
of  the  wheel  itself,  multiplied  into  the  weight  of  the  water^  j 
which  in  this  case  brings  ttie  true  proportion  between  the  powet  j 
and  the  eff"ect  to  be  as  3,849  to  1,366,  or  as  11  to  4.  •  ] 

Care  should  be  taten  to  make  the  fioot-boards  rather  imii 
merous  than  few.  SmeBton  found,  that  in  undershot-mill^ J 
when  he  reduced  the  number  of  floats  from  tweuty-four  t#l 
twelve,  the  effect  was  reduced  one-half,  because  the  wate^J 
escaped  between  the  floats  without  touching  them ;  but  whi 
he  added  a  circular  sweep  of  such  length,  that  before  oi 
float-board  quitted  it,  another  had  entered  it,  he  found  t 
former  effect  nearly  restored.  This  mode  more  parlicularlj 
applies  to  breast-wheels,  or  such  as  receive  the  water  immV^ 
diatelv  below  the  level  of  the  axis.  In  such  the  circuIdV'l 
troiign  is  necessary,  to  make  the  water  communicate  the  full  I 
effect  desirable  from  the  joint  operation  of  velocity  and  weights  I 
In  wheels  of  this  kind,  the  float-boards  should  be  confine^  i 
both  at  their  sides  and  at  their  extremities,  so  that  the  watet  i 
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may  accompany  them  all  the  way  from  the  head  down  to  the 
lowest  part  of  the  wheel,  whence  it  should  pass  off  with  suf- 
ficient readiness  to  allow  the  succeeding  fall  to  supply  its 
place,  without  being  in  the  least  retarded.  Any  quantity  of 
water  remaining  in  the  trough,  at  the  bottom  of  a  breast-wheel 
in  particular,  must  tend  to  oppose  its  motion,  in  the  exact 
ratio  with  the  disposition  of  the  fluid  to  become  stagnant  or 
stationary.  It  has  been  ascertained  that  a  very  sensible  ad- 
vantage is  gained  by  inclining  the  float-boards  to  the  radius 
of  the  wheel,  so  that  each  float-board,  when  lowest,  shall  not 
be  vertical,  but  have  its  edge  turned  up  the  stream  about 
twenty  degrees. 

The  overshot-wheel  is  by  far  the  most  powerful;  both  be- 
cause it  receives  the  water  at  the  very  commencement  of  its 
descent,  and  because  the  buckets  with  which  it  is  ordinarily 
furnished  retain  the  power  so  long,  the  water  being  gradually 
discharged,  as  these  buckets  successively  become  inferior 
parts  of  the  circumference.  It  may  be  proper  to  state,  in  this 
place,  that  much  may  be  effected  by  allowing  the  water  merely 
to  flow  upon  the  upper  part  of  the  wheel,  into  the  superior 
buckets,  whereby  an  immense  auxiliary  force  is  erected  as 
they  successively  become  filled.  Add  to  this,  Smeaton's  dis- 
covery, that  "  the  more  slowly  any  body  descends  by  the  force 
of  gravity  while  acting  upon  any  piece  of  machinery,  the  more 
of  that  force  will  be  spent  upon  it,  and  consequently  the  effect 
will  be  the  greater."  That  effect  is  by  no  means  increased  in 
proportion  to  the  velocity  of  the  wheel's  motion ;  on  the  con- 
trary, Smeaton  found,  that  when  the  wheel  with  Which  he  ex- 
perimented, and  which  was  two  feet  in  diameter,  revolved  20 
times  in  a  minute,  its  effect  was  greatest :  when  it  made  only 
18j  turns,  the  effect  was  irregular :  and  when  so  laden  as  not 
to  make  18  turns,  the  wheel  was  overpowered  by  the  load, 
lie  found  that  80  turns  in  the  minute  occasioned  a  loss  of 
about  one-twentieth,  and  that  when  turned  above  30  times  in 
a  minute,  the  diminution  of  effect  was  nearly  one-fourth  of  its 
powers.  This  proportion  may  be  easily  estimated  on  any 
wheel  of  greater  extent,  by  computing  the  proportion  of  ac- 
cumulated power  lost  by  greater  velocity  than  may  be  sufficient 
to  load  the  wheel  by  means  of  the  buckets  being  filled ;  ob- 
serving that  the  progress  of  a  machine  may  be  so  much  re- 
tarded as  to  cause  the  effect  to  be  irrelevant  of  the  purpose, 
although  the  machine  may  be  kept  in  motion.  Some  machines 
do  their  work  well,  simply  in  consequence  of  a  certain  celerity, 
as  is  generally  the  case  in  a  grinding  apparatus :  and  every 
person  conversant  in  the  practice  of  agriculture  is  aware,  that 
when  a  plough  is  drawn  at  a  certain  pace,  it  will  cut  the  soil 
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i^gularly  and  freely,  wiiile,  ou  llie  ullit-r  hand,  llie  Siiiiie  cutUe 
proceeding  at  a  very  slotv  \iace  will  be  more  f^ligued  tliou;^li 
ithey  do  less  work,  and  iliat  ditniniglied  quantity  of  »urk  by 
<D0  mt^aiis  so  neatly  executed. 

The  breast-wheel,  when  well  constructed,  will  carry  an  effect 
If^qual  to  half  or  even  three-fifths  of  the  power,  while  the  ovtr- 
^rchot-wheel  will  work  with  a  result  et^ual  to  four-lifths  of  the 
'yuower;  yet  in  general,  from  inattention  to  the  lessening  uf 
Jiiriction.  and  other  imperfections  of  construction,  the  ovcrsliol- 
y, wheel  does  qoI  perhaps  perform  work  beyond  half  the  power, 
■  And  the  effect  of  the  breast-wheel,  from  similar  causes,  is  pro- 
.portionately  reduced. 

.  When  the  stream  would  supply  too  much  water,  the  redun- 
iidancy  can  in  general  be  easily  carried  off  by  sluices  or  over- 
,  flows,  constructed  for  the  purpose;  and  when  it  is  desirable 
to  increase  the  velocity  of  the  usual  current,  much  may  be 
done  towards  the  complete  attainment  of  this  object,  by  con- 
tracting the  banks.  It  is  also  very  obvious,  that  by  giving 
additional  height  to  the  fall,  or  head,  whence  the  water  flows 
upon  the  wheel,  velocity,  or  at  least  power,  may  be  greatly 
augmented. 

In  situations  where  the  supply  of  water,  though  often  super- 
abundant, is  at  other  times  liable  to  be  greatly  deficient,  the 
propriety  of  forming  a  suitable  reservoir,  from  which  the  sup- 
ply may  be  derived  in  seasons  of  drought,  deserves  to  be  coii- 
siderea.  In  some  cases,  the  expense  of  carrying  such  a  plan 
into  execution,  wouhl  doubtless  exceed  any  advantage  it 
would  produce :  but  in  others  it  mio;ht  be  adopted  with  the 
happiest  success;  for  it  will  certainly  be  understood,  that 
•ucn  a  reservoir  is  not  necessarily  required  to  be  near  the  mill, 
jiut  at  any  part  of. the  course  of  the  stream  where  the  cbeap- 
less  of  the  land  combines  with  its  suitableness  in  other  re- 
spects for  the  purpose. 

Attempts  have  been  made  to  construct  water-wheels  which 
receive  the  impulse  obliquely,  like  the  sails  of  a  common 
windmill.  By  this  means  a  slow  but  deep  river  could  be  niude 
to  drive  our  mills;  though  much  power  would  be  lost  by  ilie 
obliquity.  Dr.  Robinson  describes  one  that  was  very  pow«r- 
ful ;  it  was  a  long  cylindrical  frame,  having  a  plate  standing 
out  from  it  about  a  foot  broad,  and  surrounding  it  with  a  very 
oblique  spiral  like  a  cork-screw.  This  was  immersed  nearly 
a  quarter  of  its  diameter,  (which  was  twelve  feet,)  having  its 
axis  in  the  direction  of  the  stream.  By  the  work  performed, 
it  seemed  more  powerful  than  a  common  wheel  that  occupied 
^Ihe  same  breadth  of  the  river.  Its  length  was  not  less  than 
i^wenty  feet;   had  it  been  twice  as  long,  it  would  have  nearly 
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doubled  its  power,  without  occupying  more  of  the  water*way. 
Perhaps  such  a  spiral  continued  auite  to  the  axis,  and  moving 
in  a  suitable  canal,  wholly  filled  by  the  stream,  might  be  an 
advantageous  way  of  employing  a  deep  and  sluggish  cur- 
rent. 

Emerson  observes,  th^t  the  teeth  of  wheels  ought  not  to  act 
upon  each  other  before  they  arrive  at  the  line  which  joins  their 
centres;  and  though  the  inner  or  under  sides  of  the  teeth  may 
be  of  any  form,  yet  it  is  better  to  make  both  sides  alike,  that 
the  wheels  may  admit  of  being  revolved  either  way  with  equa\ 
facility.  The  utility  of  making  the  teeth  as  fine  as  the  cas« 
admits,  so  that  the  greatest  number  possible  may  be  in  con- 
tact at  once,  has  already  been  insisted  on ;  and  the  utmost 
care  should  be  taken  to  have  them  so  regularly  disposed  that 
they  may  not  interfere  with  each  other  before  they  begin  to 
work. 

It  is  of  the  greatest  consequence  to  have  the  teeth  so  form- 
ed, that  the  pressure  by  which  one  of  them  urges  the  other 
round  its  axis,  may  be  constantly  the  same.  This  is  by  no 
means  th«  case,  when  the  common  construction  of  a  spur- 
wheel,  acting  in  the  cylindrical  staves  of  a  lantern  or  trundle, 
is  used.  The  ends  of  teeth  should  never  be  formed  of  parts 
of  circles,  unless  working  with  other  teeth  specifically  adapted 
to  them,  as  will  be  more  fully  explained  hereafter. 

The  wheels  and  pinions  of  the  best  clock  and  watch-work, 
are  made  true  with  almost  mathematical  precision ;  but  in 
treating  of  the  endless  screw,  we  have  had  occasion  to  notice 
that  many  great  impediments  combine  to  prevent  very  large 
wheels,  either  in  wood  or  metal,  from  possessing  that  ab- 
solute correctness  of  form  which  is  so  much  to  be  desired. 
In  consequence,  the  trundle  seldom  divides  the  wheel  so  ex- 
actly, as  to  make  a  given  number  of  revolutions  for  one  of  the 
wheel  without  a  fraction  ;  bnt  as  any  exact  number  is  not 
necessary  in  mill-work,  and  the  cogs  and  rounds  cannot  be 
set  in  so  truly  as  to  make  all  the  intervals  between  them  pre- 
cisely equal,  it  is  a  useful  precaution,  which  skilful  mill- 
wrights seldom  fail  to  adopt,  to  give  the  wlieel  what  is  called 
a  hunting-cog ;  that  is,  one  cog  more  than  what  will  answer  to 
an  exact  division  of  the  wheel  by  the  trundle.  This  j^eing 
done,  every  cog,  as  it  comes  to  the  trundle,  will  take  the  next 
staff  or  round  behind  the  one  which  it  took  in  the  former  re- 
volution ;  and  by  this  means,  thcparts  of  the  cogs  and  rounds 
which  work  together,  will,  in  a  little  time,  be  worn  equally, 
and  to  equal  distances  from  one  another. 


The  Method  of  settmg  ouf  WheeU. 

For  a  spur-wheel  and  wallower,  draw  the  pitch  linea  A   1, 
J  1.  A  2.  B2,  (fig.  1.  pi.  IV.)  theo  divide  them  into  tlie  num- 
ber of  teeth  or  cogs  required,  as  u  lb  c.     Divide  one  of  these  dis- 
[  /tances,  as  b  c,  into  seven  equal  parts,  as,  1, 2, 3, 4, 5, 6, 7 :  allow 
rithree  parts  for  the  thickness  of  the  cogs,  as  1,2, 3,  In  the  cog 
\  la;  and  four  for  the  diameter  of  the  stave  of  the  wallower,  as,  1, 
I  tS,  3,  4,  iu  the  stave  m,  fig.  2.     Three  parts  are  allowed  for  the 
•cog.  and  four  for  the  stave,  because  the  wallower  is  supposed  to 
'ibe  of  less  diameter  than  the  wheel,  therefore  subject  to  more 
I  rtirear,  in  proportion  as  the  number  of  cogs  exceed  the  number  of 
I  staves ;  but  if  in  any  case  the  number  of  staves  and  cous  bb  the 
same,  they  may  be  of  equal  thickness.     The  height  of  the  cog 
■sequnl  to  four  parts;  then  divide  its  height  into  five  equal  parts, 
as  1,  2,  3,  4.  5,  in  the  cog  c;  allow  three  for  the  bultom  to  the 
pitch  line  of  the  cog ;  the  other  two  parts  for  tile  curve  which 
must  be  given  it  to  make  it  fit  and  bear  on  tlie  stave  equally. 
In  common  practice,  the  millwrights  are  accustomed  to  put 
,the  point  of  a  pair  of  compasses  in  the  dot  3  of  the  cog  a,  and 
strike  the  line  (i  e:  then  tney  remove  the  point  of  the  com- 
passes to  the  point  d,  and  strike  the  curve  3_/j  by  which  means 
they  obtain  a  curve  which  they  consider  suiBciently  correct 
for  tlieir  purpose. 

For  a  face-wheel,  tne  following  method  ia  adopted:  divide 
the  pitch  line  AB,  fig.  2,  into  the  number  of  cogs  intended,  as 
a  b  c:  divide  the  distance  b  c,  into  seven  equal  parts;  three  of 
those  parts  allow  for  the  thickness  of  the  cogs,  as  I,  2,  3,  in 
the  cog  a,  four  for  the  height,  and  four  for  the  width,  as  d  e, 
,  Und  four  for  the  thichneas  of  the  stave  m.  Draw  a  line  through 
-the  centre  of  the  cog,  as  the  line  A  1 ,  at  S ;  and  on  the  point  6 
describe  the  line  d  e;  remove  the  compasses  to  the  point  A, 
and  draw  the  liney^,  by  which  the  shape  of  the  cog  will  be 
determined. 

For  common  spur-nuts,  divide  the  pitch-line,  A,  fig.  3.  into 
twice  as  many  equal  parts  as  there  are  intended  to  be  teeth, 
as  a,  b,  c,  d,  e:  with  a  pair  of  compasses  opened  to  half  the 
distance  of  any  of  these  divisions,  from  the  points  o  1,  c  3,  c  5, 
draw  the  semi-circles  a,  c,  and  e,  which  will  form  the  ends  of 
the  teeth.  From  the  points  2,  4,  and  6,  draw  the  semi-circles 
g  A  I,  which  will  form  the  lower  parts  of  the  spaces.  Though 
Bpur-nuts  are  usually  set  out  in  this  manner,  ytt  it  should  be 
remembered,  that  in  all  good  work,  the  ends  of  the  teeth  must 
not  be  semi-circles  unless  working  with  other  leeth  adapted 
to  them,  as  will  be  afterwards  noticed. 
15.— Vol.  I.  2  2 
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/  Of  Bevel'Geer. 

Instead  of  spur-wheels  and  trundles,  bevelled  wheels,  more 
commonly  called  bevel-geer,  are  now  generally  used.  Wheels 
of  this  class,  it  may  be  shewn,  are,  in  effect,  truncated  cones, 
rolling  on  the  surface  of  each  other.  Suppose  the  cones  A 
and  B,  revolving  on  their  centres  a  p,  a  c,  ng.  4,  pi.  IV ;  if 
their  bases  are  equal,  they  will  perform  their  revolutions  in 
equal  times,  and  consequently  any  two  points  equally  distant 
from  the  centre  a  of  A,  as  a  6,  a  c,  n  d,  a  e,  will  revolve  in  the 
same  time  as  af,  a  g,  a  h,  a  t.  In  like  manner,  if  one  of  the 
cones,  as  in  fig.  6,  be  twice  the  diameter  of  the  other  at  the 
base,  and  they  are  turned  upon  their  centres,  the  base  of  the 
larger  will  only  have  made  one  revolution,  while  that  of  the 
smaller  will  have  made  two  revolutions ;  and  all  the  corre- 
sponding parts  of  the  conical  surfaces  will  observe  the  same 
proportion;  that  is,  ab,  ac,  ad,  ae,  will  turn  onljr  once  round, 
while  af,  ag,  ah,  a  i,  turn  twice  round.  Hence  it  is  obvious, 
that  the  number  of  the  revolutions  of  all  cones  revolving  in 
this  manner,  must  be  to  each  other  as  their  respective  didr 
meters.  Now  let  two  cones  have  teeth  cut  in  them;  as  repre- 
sented by  fig.  6  ;  they  will  then  become  bevel-geer.  The  teeth 
in  an  entire  cone  w  ould  be  broadest  at  the  base;  from  whence 
they  would  gradually  taper  with  the  lessening  circiunference 
of  the  cone,  till  they  terminated  at  the  apex  or  centre  a  in  a 
point;  but  as  such  an  extent  of  teeth  would  be  unnecessary,  and 
if  the  cones  were  entire  the  axes  at  €i  would  incommode  each 
other,  the  slender  useless  part  of  the  teeth  are  cut  oflT, 
as  at  E  and  F  ;  or  rather,  bevel-geer  is  composed  of  wheels 
made  in  the  form  of  truncated  cones,  as  shewn  by  fig.  7, 
where  the  upright  shaft  or  axle,  AB,  with  the  bevel- 
wheel  CD,  turns  the  bevel-wheel  EF,  with  its  shaft  GH, 
and  the  teeth  work  freely  in  each  other.  The  teeth  may  be 
made  of  any  dimensions,  according  to  the  strength  re- 
quired ;  and  this  method  will  enable  them  to  overcome  a 
.greater  resistance,  and  work  much  more  smoothly  than  a  com- 
mon face-wheel  and  trundle  ;  besides,  the  facility  with  which 
it  enables  us  to  change  the  direction  of  a  motion,  is  of  great 
importance. 

The  method  of  conveying  motion  in  any  direction,  and  of 

[proportioning  or  shaping  the  wheels  accordingly,  is  as  follows : 
et  the  line  a  b,  fig.  8,  represent  a  shaft  coming  from  a  wheel ; 
draw  the  line  c  d  to  intersect  the  linie  a  b,  in  the  direction 
'intended  for  the  motion  to  be  conveyed,  and  this  line  c  d  will 
represent  the  shaft  of  die  bevel^heei  which  »  to  re/set^e  the 
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ftijnotion.     Suppose  tlieii  the  shaft  c  d  is  to  revolve  three  times, 
^.whilst  the  shaft  a  b  revolves  once;  draw  the  parallel  line  » i  at 
^any  moderate  distunce  (suppose  one  foot  by  a  scale.)  then 
_draw  the  parallel  line  k  k,  at  three  feet  distance,  after  which 
■draw  the  dotted  line  w  x,  through  the  intersection  of  the  shafts 
'.a  b  and  c  d,  and  likewise  through  the  intersection  of  tlie  pa- 
rallel lines  i  t  and  k  k,  in  the  points  x  and  y,  which  will  be  the 
pitch-line  of  the  two  bevel-wheels,  or  the  fine  where  the  teeth 
I  of  the  two  wheels  act  on  each  other,  as  may  be  seen  by  fig.  9, 
where  it  is  obvious  to  inspection  that  the  motion  may  oe  con- 
veyed in  any  direction. 

I  Of  Hooke's  Universal  Joint. 

1  The  contrivance  called  the  universal  joint,  which  was  invented 
[  rby  Dr.  Hooke,  may  be  applied  to  communicate  motion  instead 

,  of  bevel-geer,  where  the  velocity  is  not  to  be  changed,  and  where 
the  angle  does  not  exceed  30  or  40  degrees.  Tiiis  joint  may 
:be  constructed  as  represented  by  fig.  10;  or  with  four  pins  fast- 
ened at  right  angles  upon  the  circumference  of  a  hoop,  or  solid 

.ball.  It  IS  useful  in  cotton-mills,  where  the  tumbling  shafts 
fire  continued  to  a  great  distance  from  the  moving  power,  as 
the  use  of  it  allows  the  convenience  of  cxitting  them  into  con- 
venient lengths,  ^t  is  most  proper,  when  the  irregularity  of  its 
.   motion,  as  it  recedes  from  a  right  line,  is  not  disadvantageous. 

Of  t/ie  Cycloid  and  Epicj/ctoid.  and  the  formation  of  llie  Teeth 
of  Wheeh. 

If  on  the  plane  CD,  fig.  11,  a  circle  B,  proceeds  in  a. 
right  line,  and  at  the  same  time  revolves  round  its  centre,  till 
jeVery  part  of  the  circumference  has  touched  the  plane,  a  point 
or  pencil,  at  a,  which  nas  lowest  at  the  commencement  of  the 
motion,  will  have  described  the  curve  CED,  which  is  called  a 
cycloid,  and  is  evidently  compounded  of  a  rectilinear  and  cir- 
cular motion. 

If  a  circle  A,  fig.  12,  roll  from  o  to  q,  on  the  convex  circum- 
ference of  another  circle  B,  the  point  o  will  describe  the  curve 
op  q,  which  is  called  an  exterior  epicycloid;  and  if  the  circle  A 
were  to  roll  on  the  concave  circumference  of  the  circle  B,  as 
from  r  to  s,  the  point  r  would  describe  an  interior  epicycloid. — 
In  all  these  cases,  the  circle  by  which  the  curve  is  obtained,  is 
called  the  generating  circle. 

The  teeth  of  wheels  and  leaves  of  pinions  require  great 
care  and  judgment  in  their  formation,  tnat  they  may  neither 
*log  the  machinery  by  unnecessary  friction,  nor  act  bo  irregu- 
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Iftrly  as  to  produce  any  inequalities  in  the  motion,  and  the 
'Wearing  of  one  part  before  another.  It  has  long  been  known 
that  one  wheel  will  not  drive  another  with  uniform  velocity, 
unless  the  teeth  of  one  or  more  of  the  wheels  have  their  act- 
ing surfaces  formed  into  a  curve  generated  after  the  manner 
of  an  epicycloid.  But  in  order  to  ensure  a  uniformity  of  pres- 
6ui*e  and  velocity  in  the  action  of  one  wheel  upon  another,  it 
is  not  absolutely  necessary  that  the  teeth  of  one  or  both 
wheels  be  exactly  epicycloids ;  for  if  the  teeth  of  one  of 
them  be  either  circular  or  triangular,  with  plain  sides,  or  like 
a  triangle  with  its  sides  converging  to  the  centre  of  the  wheel, 
or  of  any  other  form,  this  uniformity  of  force  and  motion 
will  be  attained,  provided  that  the  teeth  of  the  other  wheel 
have  a  figure  which  is  compounded  of  that  of  an  epicycloid, 
and  the  figure  of  the  teeth  of  the  first  wheel.  De  la  Hire 
has  shewn,  in  a  variety  of  cases,  how  to  find  this'compound 
Curve ;  but  as  it  is  often  difiBcult  to  describe,  or  even  to 
discover  its  nature,  we  shall  select  such  forms  for  the  teeth, 
as  are  better  adapted  to  practice.  There  are  three  different 
ways  in  which  the  teeth  of  wheels  may  act  upon  one 
another ;  and  each  mode  of  action  requires  a  different  form 
for  the  teeth : 

1st.  When  the  teeth  of  the  wheel  begin  to  act  upon  the 
leaves  of  the  pinion  just  as  they  arrive  at  the  line  of  centres ; 
and  their  mutual  action  is  carried  on  after  they  have  passed 
this  line* 

2nd.  When  the  teeth  of  the  wheel  begin  to  act  upon  the 
leaves  of  the  pinion,  before  they  arrive  at  the  line  of  centres, 
and  conduct  them  either  to  this  line  or  a  very  little  beyond  it. 

3rd.  When  the  teeth  of  the  wheel  begin  to  act  upon  the 
leaves  of  the  pinion,  before  they  arrive  at  the  line  of  centres, 
and  continue  to  act  after  they  have  passed  that  line. 

When  the  first  mode  of  action  is  adopted,  the  acting  faces 
of  the  leaves  of  the  pinion  should  be  parts  of  an  interior  epiey^ 
cloid,  generated  by  a  circle  of  any  diameter  rolling  upon  tne 
concave  superficies  of  the  pinion;  and  the  acting  surfaces  of  the 
teeth  of  the  wheel  should  be  portions  of  an  exterior  epicycloid, 
formed  by  the  same  generating  circle  rolling  upon  the  convex 
superficies  of  the  wheel.  Now  it  is  demonstrable,  that  when 
one  circle  rolls  within  another  whose  diameter  is  double  that 
of  the  rolling  circle,  the  line  generated  by  any  point  of  th^ 
latter  will  be  a  straight  line  tending  to  the  centre  of  the  larger 
circle.  If  the  generating  circle,  therefore,  mentioned  above, 
riiould  be  taken  with  its  diameter  equal  .to  the  r«idiu8  of  the 


pinion,  and  be  made  to  roll  upon  the  concave  superficies  of 
the  pinion,  it  will  generate  a  etraight  line  tending  to  the  pi- 
nion s  centre,  which  will  be  the  form  of  the  acting  faces  of  its 
leaves ;  and  the  teelh  of  the  wheel  will  in  this  case  he  exterior 
epicycloids,  formed  by  a  generating  circle,  whose  diameter  is 
equal  to  the  radius  of  the  pinion,  rolling  upon  the  convex 
superficies  of  the  wheeL  This  construction  of  the  teeth  of 
the  wheel,  and  leaves  of  the  pinion,  is  represented  by  dg.  13. 
pi.  IV;  it  is  strongly  recommended  by  De  la  Hire  ^nd  Camus,  ' 
and  is  perhaps  the  most  advantageous,  as  it  requires  less  trou- 
ble, and  may  be  executed  with  greater  accuracy  than  if  the 
leaves  of  the  pinion  had  been  curved  as  well  as  tlie  teeth  of 
the  wheel. 

Lanterus  or  trundles,  which  consist  of  cylindrical  staves 
fixed  by  both  ends  nearly  at  the  circumferences  of  two  equal 
circular  boards,  and  which  are  so  frequently  substituted  by 
millwrights  for  pinions,  may  often  be  adopted  with  great  pro- 
priety, provided  the  teeth  of  the  wheels  working  in  tneni,  have 
a  proper  form.  The  construction  pointed  out  by  Dr.  Brewster, 
WDich  we  shall  here  present  to  the  reader,  possesses  the  merit 
of  greatly  diminisluDg  the  friction  arising  Irom  the  mutual  ac- 
tion uf  tlie  staves  ana  the  teeth,  and  of  being  easily  reduced 
to  practice. 

L^t  A,  fig.  14,  pi.  IV,  be  the  centre  of  the  small  wheel  or 
trundle,  TCHQ,  whose  leeth  are  circular  like  ICR,  having  their 
cenircs  in  the  circle  PDEY-  Vnon  B,  the  centre  of  the  larite 
wheel,  ul  the  distances  BC,  BD,  describe  tlie  circles  FCK, 
GDO  i  and  with  PDEY,  as  a  generating  circle,  form  the  ex- 
terior epicycloid  DNM,  by  rolling  it  upon  the  convex  super- 
ficies of  the  circle  GDO.  The  epicycloid  DNM  thus  formed, 
would  have  been  tlie  proper  form  for  the  teeth  of  the  large 
wheel  GDO.  had  the  circular  teeth  of  the  small  wheel  been 
infinitely  small;  but  as  their  diameter  must  be  considerable,  the 
teeth  of  the  wheel  should  have  another  form.  In  order  to 
determine  their  proper  figure,  divide  the  epicycloid  DNM  into 
a  number  of  equal  parts,  1,  2,  3,  4,  &c.  as  shewn  in  the  figure, 
and  let  these  divisions  be  as  numerous  as  possible.  Then,  upon 
the  points  1,  2,  3,  &c,  as  centres,  with  the  distance  DC  equal 
to  <he  radius  of  the  circular  tooth,  describe  portions  of  circles 
similar  to  those  in  the  figure  ;  and  the  curve  OPT,  which 
touches  these  circles,  and  is  parallel  to  the  epicycloid  DNM, 
will  be  the  proper  form  for  the  teeth  of  the  large  wheel.   " 

I  u  order  that  the  teeth  may  not  act  upon  each  other  till  they 
i^ach  the  line  of  centres  AB„the  curve  OP  should  not  toucn 
Uie  circular  tooth  ICR  till  the  point  O  has  arrived  at  D,  The 
teutli  OP,  therefore  will  commence  its  action  upon  the  circu- 
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lar  tooth  at  the  point  I,  where  it  is  cut  by  the  circle  DRE. 
On  this  account,  the  part  ICR  of  the  cyhndrical  pin  being 
superfluous,  may  be  cut  off,  and  the  staves  of  the  trundle  wifi 
then  be  segments  of  circles  similar  to  the  shaded  part  of 
the  figure. 

If  the  teeth  of  wheels  and  the  leaves  of  pinions  consisted  of 
materials  perfectly  hard,  and  were  accurately  formed  according 

.to  these  directions,  they  would  act  on  each  other  not  only  with 
uniform  force,  but  also  without  friction;  because  the  surfacea 
in  contact  would  roll  upon  each  other,  and  neither  slide  nor 
rub  so  as  to  occasion  any  imperfection  in  the  performance. 
But  as  it  is  impossible  in  practice  to  attain  the  perfection 
which  theory  requires,  a  certain  quantity  of  friction  will  re- 
main after  every  precaution  has  been  taken  in  the  formation  of 
the  communicating  parts.  This  friction  may  be  removed,  or 
at  least  greatly  diminished,  with  respect  to  a  trundle,  in  the 
following  manner. 

If  instead  of  fixing  the  staves  as  in  the  customary  manner, 
at  the  top  and  bottom,  they  are  made  capable  of  receiving  a 
rotary  motion  in  their  frame,  all  the  friction  will  be  taken 
away  except  that  which  arises  from  the  motion  of  the  cylin- 
drical tooth  upon  its  axis.  The  advantages  attending  this 
mode  of  construction  are  very  important.  The  cylindrical 
staves  or  teeth  may  be  formed  in  tte  lathe  with  the  greatest 
accuracy;  the  curve  required  for  the  teeth  of  the  large  wheel  is 
easily  traced ;  the  pressure  and  motion  of  the  wheels  will  be 
uniform ;  and  the  teeth  are  very  little  subject  to  wear,  because* 

'  whatever  friction  remains  is  almost  wholly  removed  by  the  revo- 
lution of  the  cylindrical  spokes  about  their  axis.  This  improve- 
ment, however,  can  only  be  adopted  where  the  machinery  is 
large ;  for  small  works,  the  acting  faces  of  the  leaves  of  the 

f)inion  or  small  wheel  should  be  rectilinear,  and  those  of  the 
arge  wheel  epicycloidal,  as  exemplified  by  fig.  13. 

We  have  now  to  consider  the  second  mode  of  the  mutual 
action  of  wheels  and  pinions,  viz.  "  when  the  teeth  of  the  wheel 
begin  to  act  upon  the  leaves  of  the  pinion,  before  they  arrive  at 
the  line  of  centres,  and  conduct  them  either  to  this  line  or  a 
very  little  beyond  it."  This  mode  of  action  is  by  no  means  so 
advantageous  as  the  former,  and  therefore  should,  if  possible, 
be  always  avoided.  It  is  evident,  that  when  the  tooth  of  the 
wheel  acts  upon  the  leaf  of  the  pinion  before  they  arrive  at  the 
line  of  centres,  and  quits  the  leaf  when  they  reach  this  line, 
that  the  tooth  works  deeper  and  deeper  between  the  leaves  of 
th^  pinion  the  nearer  it  comes  to  the  line  of  centres  ;  hence  a 
considerable  quantity  of  friction  arises,  because  the  tooth  does 
not,  as  before,  roll  upon  the  leaf,  but  $lides  upon  it;  and  from 


MECHANICS. 


Bie  stuae  cause,  the  pinion  soon   becomea  foul,  as  the  dust 
^'vhich  lies  upon  the  acting  faces  of  the  wheels  is  pushed  into 
■^tbe  hollows  between  tfaeiu.     One  advantage,  however,  attends 
f  this  mode  of  action,  for  it  allows  us  to  make  the  teeth  of  the 
I  Urge  wheel  rectilineal,  and   thus  renders  the  labour  of  the 
'■      tchanic  less,  and  the  accuracy  of  his  work  greater,  than  if 
►  tiiey  had  beeu  of  a  curvilineal  form.     If  the  teeth  therefore  of 
V  the  wheel  are  made  rectilineal,  having  tlieir  surfaces  directed 
to  the  wheel's  centre,  the  acting  surfaces  of  the  leaves  must 
i'  be  epicycloids  formed  by  a  generating  circle,  whose  diameter 
_    equal  to  the  sum  of  the  radius  of  tlie  wheel,  added   to  the 
*  deptli  of  one  of  its   teeth,   rolling  upon  the  circumference  of 
f  the  pinion.     But  if  the  teeth  of  the  wheel  and  the  leaves  of 
■■the  pinion  are  made  curvilineal,  the  acting  surfaces  of  the  teeth 
of  the  wheel  must  be  portions  of  an  interior  epicycloid  formed 
by  any  generating  circle  rolling  within  the  concave  superficies 
of  the  large  circle,  and  the  acting  surfaces  of  the  pinions  leaves 
must  be  portions  of  an  exterior  epicycloid,  produced   by  roll- 
ing the  same  generating  circle  upon  the  convex  circumference 
of  the  pinion. 

When  the  teeth  of  the  large  wheel  are  cylindrical  spindles, 
either  fixed  or  moveable  upon  their  axis,  an  exterior  epicycloid 
must  be  formed  like  DNM,  in  fig.  14.  pi.  IV,  by  a  generating 
circle  whose  radius  is  AC^  rolling  upon  the  convex  circumfe- 
rence FCK;  AC  being  in  this  case  the  diameter  of  the  wheel, 
and  FCK  the  circumference  of  the  pinion.  By  means  of  this 
epicycloid,  a  curve  OPT  must  be  formed  as  before  described, 
which  will  be  the  proper  curvature  for  the  acting  surfaces  of  the 
leaves  of  the  pinion,  when  the  teeth  of  the  wheel  are  cylin- 
drical. !n  determinino;  the  relative  diameter  of  the  wheel 
'  and  pinion  for  this  mode  of  action,  the  radius  of  the  wheel  is 
reckoned  from  its  centre  to  the  extremity  of  its  teeth,  aiid  the 
radius  of  the  pinion  from  its  centre  to  the  bottom  of  its  leaves. 
,  The  third  mode  in  which, one  wheel  may  drive  another,  viz. 
"when  the  teeth  of  tlie  wheel  begin  to  act  upon  the  leave*  of 
the  pinion  before  they  arrive  at  the  line  of  centres,  and  continue 
to  act  after  they  have  passed  that  line,"  remains  to  be  con- 
sidered. It  is  represented  by  fig.  1,  pi.  V,  and  as  it  is  a 
combination  of  the  two  first  modes,  it  partakes  both  of  their 
advantages  and  disadvantages.  It  is  evident  from  the  figure, 
that  the  portion  e  /i.of  the  .ooth  acta  upon  tlie  part  li  c  of  the 
leaf  till  tJiey  reach  the  line  of  centres  AB,  and  that  the  part 
e  d  of  the  tooth  acts  upon  the  portion  6  a  of  the  leaf  after  iney 
have  passed  that  line.  It  follows,  therefore,  that  the  uctiug 
pwrlB  e  A  and  b  e  must  be  formed  according  to  the  directions 
|l*en  for  the  first  mode  of   action,   and  that  the  remaining 
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parts  t  d,  b  a,  must  have  that  curvature  which  the  second  mode 
of  action  requires  ;  consequently  e  h  should  be  part  of  an  inte* 
rior  epicycloid  formed  by  any  generating  circle  rolling  on  the 
concave  circumference  of  the  wheel,  and  the  corresponding 
part  b  c  oi  the  leaf  should  be  part  of  an  exterior  epicycloid 
formed  by  the  same  generating  circle  rolling  upon  6  £  o,  the 
convex  circumference  of  the  pinion  ;  the  remaimng  part  e  d  ot 
the  tooth  should  be  a  portion  of  an  exterior  epicyx^loid,  formed 
by  any  generating  circle  rolling  upon  e  h,  the  convex  super- 
ficies of  the  wheel ;  and  the  corresponding  part  ft  a  of  the  leaf 
should  be  part  of  an  interior  epicycloid  clescribed  by  the  same 
generating  circle  rolling  along  the  concave  side  6  £  o  of  the 
pinion.  But,  as  in  practice^  the  production  of  this  double 
curvature  of  the  acting  surfaces  of  the  teeth  would  be  ex- 
ceedingly troublesome  to  the  workman,  who  would  probably 
never  correctly  accbmplish  his  object,  his  labour  may  be 
abridged  by  making  e  h  and  b  a  radial  lines,  that  is,  e.A  a 
straight  line  tending  to  the  centre  of  the  wheel  B,  and  b  a^  like- 
wise a  straight  line  tending  to  the  centre  A,  of  the  pinion. 

In  the  preceding  remarks,  the  form  assigned  to  the  teeth  has 
been  stated  on  the  supposition  that  the  wheel  drives  the  pinion; 
but  when,  on  the  contrary,  the  pinion  drives  the  wheel,  the 
form  assigned  to  the  teeth  of  the  wheel  must  be  given  to  the 
leaves  of  the  pinion,  and  the  shap^  assigned  to  the  leaves  ot 
the  pinion  must  be  transferred  to  the  teem  of  the  wheel. 

A  still  different  mode  of  forming  the  teeth  of  wheels  has 
had  many  advocates,  who  have  considered  it  well  calculated 
to  ensure  the  uniformity  of  action  so  much  desired.  It  con- 
sists in  making  the  acting  faces  of  the  teeth  involutes  ot 
the  wheel's  circumference.  Thus,  let  AB,  fig.  2,  pi.  V,  be  a 
portion  of  the  wheel  on  which  the  tooth  is  to  be  fixed,  and  let 
A  J?  a  be  a  thread  wrapped  round  its  circumference,  having  a 
loop-hole  at  its  extremity,  a.  In  this  loop-hole  fix  a  pin  a, 
witn  which  describe  the  curve  or  involute,  a  bx  d  e  h,  by  un- 
wrapping the  thread  gradually  fi*om  the  ^circumference  A  p  m. 
The  curve  thus  obtained  will  be  the  proper  form  for  the  teeth 
of  a  wheel  whose  diameter  is  AB.  It  is  a  form  which  admits 
of  several  teeth  acting  together,  a  circumstance  attended  with 
the  advantage  of  diminishing  the  pressure  \ipon  any  one  tooth 
so  much  as  to  make  the  wheels  wear  longer  and  more  equally; 
and  it  possesses  the  merit  of  being  more  easily  understood 
than  the  other  methods  directed  to  be  observed. 

This  last  mode  of  forming  the  teeth  of  wheels,  is,  however, 
only  a  modification  of  the  general  principle,  and  indeed  an 
iiivoiuic  is  sometimes  reckoned  among  tlie  exterior  epicycloids 
The  propriety  of  this  will  be  allowed,  when  it  is  considered 
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thai  the  involute  abed,  &c.  may  be  produced  by  an  epicy- 
cloidal  motion.  Thus,  let  o  m  be  a  straight  ruler,  at  whose  ex^ 
treniity  is  fixed  the  pin  w,  and  let  the  point  of  thepitibe  placed: 
upon  the  point  m  of  the  circle,  then  by  rolling  the  straight 
ruler  upon  the  circular  base,  so  that  the  point  in  wiiich  it. 
touches  the  circle  may  move  gradually  fromm  toivards  D,  the* 
curve  m  ii  will  be  generated  exactly  similar  to  the  involute 
a  he.  Sac.  obtained  by  the  string. 

The  practical  mechanic  may  wish  to  have  more  particular 
directions  for  drawing  epicycloids,  than  he  can  derive  from  the 
explanation  of  these  curves  at  tlie  commencement  of  the  pre- 
sent section.  For  this  purpose  then,  let  him  take  a  piece  of 
plain  wood  G  H,  fig.  3,  pi.  v,  and  fix  upon  it  another  piece  of 
wood  £,  having  tts  circumference  ml)  of  the  same  curvatuctf 
us  the  circular  uase  upon  which  the  generating  circle  AB  is  to 
roll.  When  the  generating  circle  is  large,  the  shaded  segment 
B  will  be  sufiicient.  In  any  part  of  the  circumference  of  this 
segment,  fix  a  sharp-pointed  sleel  pin  a,  which  ought  to  be 
tempered,  that  it  may  easily  make  a  distinct  mark ;  and  it  n 
be  driven  in  sloping,  so  that  the  distance  of  its  point  from  tl 
centre  of  the  circle  may  be  etgually  exact  to  its  radius.  Fasten 
10  the  board  GH,  a  piece  of  thin  brass,  or  copper,  or  tin-plal 
a  li.  Place  the  segment  B  in  such  a  position,  that  the  point 
of  the  steel  pin  a  may  be  i^pon  the  point  b,  and  roll  the  seg>4 
niLui  towards  G,  so  that  the  nail  ii  may  rise  gradually,  and  the 
point  of  contact  between  the  two  circular  segments  may  ad- 
vance towards  m;  the  curve  a  h,  described  upon  the  brass 
plate,  will  be  an  accurate  eilerior  epicycloid.  Remove,  with 
a  file,  the  part  of  the  brass  on  the  left  hand  of  tlie  epicycloidi 
and  the  remaining  concave  arch  a  b  will  be  a  pattern  tooth,  1 
means  of  which  all  the  rest  may  easily  be  formed.  When  ; 
interhr  epicycloid  is  required,  the  generating  circle  must  r 
volve  upon  a  toiicave  instead  of  a  convex  base,  as  in  the  proiient' 
instance.  The  Ofc/oiti,  which  is  useful  in  forming  tUe  leeth  of 
ruck-work,  is  generated  in  precisely  the  same  manner,  with 
this  difference  oidy,  that  the  base  on  which  the  generating  < 
circle  rolls  must  be  a  straight  line. 

Perhaps  no  part  of  the  mechanism  of  mill-work  is  executed 
with  so  little  attention  to  theory  as  the  teeth  of  wheels.  Al- 
most every  celebrated  millwright  has  his  favourite  coustrucr 
tion,  and  it  is  seldom  indeed  that  the  best  methods  are  adopt- 
ed. Gregory  describes  one  of  the  many  plans  in  ordinary  oaw, 
and  we  snail  here  recite  it ;  from  its  being,  as  he  observes,  cif 
tolerably  easy  application,  and  allowing  much  strength  to  the 
teeth,  while  it  is  tolerably  free  from  friction  in  uompdrison  witll 
other  practical  methods.     Let  AB,  fig.  4,  pi.  V,  be  two  spui' 
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wheels  of  different  diameters^  of  which  the  cogs  are  intended 
to  work  into  each  other  at  half  pitch.  The  dotted  circular  arcs 
GHt  EF,  touching  each  other  between  s  and  d,  are  the  centre 
or  pitch-lines,  from  which  the  teeth  are  formed.  If  the  teeth 
of  both  wheels  are  iron,  as  is  generally  the  case  in  the  first 
'motions  of  works,  those  teeth  are  then. made  nearly  both  of  a 
size  at  the  pitch-line ;  but  if  the  teeth  of  one  be  wood  and  the 
other  iron,  then  the  iron  ones  are  made  to  have  less  pitch  than 
the  wooden  ones,  because  they  are  then  found  to  wear  better. 
In  the  figure,  both  are  supposed  to  be  of  iron.  Suppose  the 
wheels  to  move  from  6  towards  H,  and  from  £  towards  F,  and 
that  the  sides  of  the  teeth  at  6  c,  and  de,  are  in  contact;  from 
A  as  a  centre,  with  a  radius  equal  to  bp,  describe  the  ^rcs  pd, 
Im;  from  (i  as  a  centre,  with  the  same  radius,  describe  the 
arcs  h  i,  fgtC  k.  Thus  the  same  opening  of  the  compasses, 
and  a  centre  chosen  where  the  wheels  are  in  contact  on  the 
pitch-lines,  will  mark  the  contour  of  the  upper  part  of  a  tooth 
of  one  wheel,  and  the  lower  part  of  a  corresponding  tooth  of 
the  other  wheel ;  and  by  taKing  several  centres  on  the  two 
pitch-lines,  the  various  teeth  may  be  formed.  To  prevent  the 
cogs  from  bottoming,  as  the  workmen  call  it,  let  the  lower  part, 
r  e,  of  one  tooth  be  made  rather  longer  than  the  upper  part, 
p  rf,  of  the  other  which  is  to  play  into  it.  The  way  in  which 
cogs  thus  constructed  will  work  into  one  another,  may  be  un- 
derstood by  considering  the  motion  of  two  of  them,  n  and  o 
for  example :  when  they  first  come  into  contact,  they  will  ap- 
pear as  the  curve  x  P  z:  when  they  arrive  at  Q,  the  same  sides 
will  appear  as  in  the  dotted  lines  there  represented;  and  when 
the  same  arrive  at  R  S,  they  are  in  contact  on  their  middle 
points. 

Of  Wipers  for  raising  Stampers  and  Hammers. 

The  notches  which  project  from  the  circumference  of  a 
wheel  or'an  axle,  for  the  purpose  of  raising,  stampers,  poun- 
ders, or  hammers  in  a  vertical  direction,  and  then  leaving 
them  to  fall  by  their  own  weight,  are  usually  called  wipers, 
though  sometimes  denominated  lifting  cogs. 

When  the  wipers  are  only  small  cylinders  or  pins  projecting 
perpendicularly  from  the  surface  of  a  horizontal  arbor,  the 
force  with  which  they  elevate  the  stampers,  8cc.  will  not  act 
uniformly  during  the  whole  time  in  which  they  are  rising ; 
yet  a  uniformity  of  force  and  velocity  is  generally  desirable, 
and  may  always  be  obtained  by  assigning  a  proper  form  to  the 
communicating  parts.  On  this  subject,  a  few  directions  for 
the  use  of  the  practical  mechanic  will  take  up  little  room. 

Fig.  6  pL  y,  represents  portions  of  a  stamper  for  bruising 
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ore,  beating  hemp,  &c.  and  of  its  shaft  with  lifting  cogs.     G 
is  the  verticQl  arm  of  the  stamper,  sliding,  when  in  actual  work, 
betiveen  rollers  or  in  a  groove,  to  keep  it  steadily  in  its  proper  , 
position;  a  is  the  horizontal  arm  of  the  slamner;  H  part  of  tha  . 
axle,  ou  which  the  wipers  or  lifting  cog's  l£F  »re  fiiced;  the., 
dotted  lines  at  A,  shew  the  height  to  which  the  horizontal  aiin ' 
a,  uf  ihe  stamper,  is  elevated  by  each  wiper.     AB  is  a  line 
corresponding  with  the  arm  of  the  stamper  upon  which  the 
wipers  first  act;  CD  is  the  pitch-line  of  the  axis,  or  the  bot- 
tom of  the  curves  of  the  wipers.     Tiie  curved  or  acting  faces 
of  the  wipers  are  involutes  of  a  circle  equal  in  radius  to  the 
axis  CD,  and  obtained  as  already  described  in  noting  its  apr, 
plication  to  the  formation  of  the  teeth  of  wheels,  viz.  by  ua'voi 
wrapping  from  the  circumference  of  the  circle  alluded  to,  a  j 
thread  or  cord  A,  in  the  loop-hole  at  the  extremity  of  which  is*^ 
a  pencil   or  marking  point,   describing  the  curve  as  it  ap-^i 
pi-oaclies  towards  c.    The  arm  of  the  stumper  is  6at  at  the  part 
where  tlie  wiper  acts  upon  it,  and  should  be  placed  in  a  line: 
with  the  centre  of  tbe  snaft  or  axis,  at  the  time  the  tirst  wipeC' 
comes  into  contact  with  it.  , 

Fig:  6,  pi.  V,  exhibits  the  form  of  the  wipers  for  a  foree. 
hammer.  The  centre  b,  of  the  cylinder  AB,  in  which  tnex 
wipers  are  fixed,  the  flat  part  or  tail  end  of  the  hammer,  where- 
acted  upon  by  the  wipersj  and  the  centre  of  the  axis  a,  of  the 
hammer,  must  be  in  the  same  right  line.  Tbe  proper  curve, 
for  the  wipers  is  an  exterior  epicycloid;  formed  by  rolling, 
upon  the  circumference  of  the  circle  at  B,  a  circle  of  whicE 
the  radius  is  equal  to  the  distance  from  the  centre  of  the  axis 
a,  to  the  extremity  of  the  tail  of  the  hammer. 

Dtscription  of  a  Corn-Tnill. 

le  following  is  a  description  of  a  corn-miU  of  the  most 
iraon  sort.  AB,  fig.  7,  pi.  V,  is  the  water-wheel,  which  it 
generally  from  eighteen  to  twenty-four  feet  in  diameter,  reck- 
oning from  the  outermost  edge  ol  any  float-buard  at  A,  to  that 
of  the  opposite  one  at  B.  The  water  striking  on  the  floats  of 
this  wheel,  drives  it  round,  and  gives  motion  to  the  mill.  Thi 
wheel  is  fi.Ted  upon  a  very  stong  axis  or  shaft  C.  one  end  G 
which  rests  on  D,  and  the  other  on  E  within  the  inill-house. 

On  the  shaft  or  axis  C,  and  within  the  mill-house,  is  an' 
F,  about  eight  or  nine  feet  in  diameter,  having  cogs  all  roundj 
which  work  in  the  upright  staves  or  rounds  of  i  truudle  C 
This  trundle  is  fixed  upon  a  strong  iron  axis,  called  the  spii 
die,  the  tower  end  of  which  turns  in  a  brass  foot  fixed  at  I 
in  a  horizontal  beam  II,  called  the  bridge-tree;  and  the  uppot^ 
eud  of  the  spindle  turns  in  a  wooden  bush  fixed  iato  tbe  nether, J 
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mill-stone,  which  lies  upon  beams  in  the  floor  I.  The  top  of 
the  spindle  above  the  bush  is  square,  and  goes  into  a  square 
hole  in  a  strong  iron  cross,  abed,  fig.  8,  called  the  rynd ;  un- 
der which,  and  close  to  the  bush,  is  a  round  piece  of  thick 
leather- upon  the  spindle,  which  it  turns  round  at  the  same 
time  it  does  the  rynd. 

The  rynd  is  let  into  grooves  in  the  under  surface  of  the  up- 
per or  running  mill-stone,  which  it  turns  round  ia  the  same  time 
that  the  trundle  G  is  turned  round  by  the  cog-wheel  F.  Thia 
mill-stone  has  a  large  hole  quite  through  its  middle,  called  the 
eye  of  the  stone,  through  which  the  middle  part  of  the  rynd 
and  upper  end  of  the  spindle  may  be  seen ;  whilst  the  four  ends 
of  the  rynd  lie  below  the  stone  in  their  grooves. 

One  end  of  the  bridge-tree  H,  which  supports  the  spindle, 
rests  upon  the  wall,  and  the  other  end  is  let  into  a  beam,  called 
the  brayer,  LM.  The  brayer  rests  in  a  mortice  at  L,  and  the 
other  end  M,  hangs  by  a  strong  iron  rod  N,  which  goes  through 
the  floor  I,  and  has  a  screw  and  nut  on  its  top  at  O ;  by  the 
turning  of  this  nut,  the  end  M  of  the  brayer  is  raised  or  de- 
pressed at  pleasure,  and  consequently  the  bridge-tree  and  the 
upper  mill-stone.  By  this  means  the  upper  mill-stone  may  be 
set  as  close  to  the  under  one,  or  raised  as  mucli  above  it  as 
may  be  necessary.  It  will  of  course  be  understood,  that  the 
nearer  the  mill-stones  are  to  each  other,  the  finer  the  corn  will 
be  ground;  arid  that,  on  the  contrary,  the  further  they  are  se- 
parated, the  coarser  it  will  be. 

The  upper  mill*stone  is  inclosed  in  a  round  box,  which  no- 
where touches  it,  and  is  about  an  inch  distant  from  its  edge 
all  round.  On  the  top  of  this  box  stands  a  frame  for  holding 
the  hopper  P,  to  which  i^  hung  the  shoe  Q,  by  two  lines  fas- 
tened to  the  hindet  part  of  it,  fixed  upon  hooks  in  the  hopper, 
and  by  one  end  of  tne  string  R  fastened  to  the  fore  part  of  it,' 
the  other  end  being  twisted  round  the  pin  S.  By  turning  this 
pin  one  way,  the  string  draws  up  the  shoe  closer  to  the  hopper, 
and  so  lessens  the  apefture  between  them ;  and  a^  the  pin  is 
turned  the  other  way,  it  lets  down  the  shoe,  and  enlarges  the 
aperture.  If  the  shoe  be  drawn  up  quite  to  the  hopper,  no  corn 
can  fall  from  the  hopper  into  the  mill;  if  it  be  let  down  a  little, 
some  will  fall ;  and  the  quantity  will  be  more  or  less,  according 
as  the  shoe  is  more  or  liess  let  down;  for  the  hopper  is  open  at 
the  bottom,  and  there  is  a  hole  ai  the  bottom  of  the  shoe,  not 
directly  under  the  bottom  of  the  hopper,  but  nearer  to  th^ 
lowest  end  of  the  shoe,  over  the  middle  or  eye  of  the  stone. 

In  a  square  hole  at  the  top  of  the  spindle^  is  put  the  feeder 
£,  4g.  8.  This  feeder,  as  the  spindle  turns  round,  jogs  the 
shoe  three  times  in  each  revolution^  and  so  cavses  the  cpra  to 
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<the  eye  of  the  miil-stone,  whert  it  falls  upon  the  top  of  thaj 
»ynd,  and  is,  by  the  motion  of  the  rynd.  and  the  leather  under  1 

■it,  thrown  below  the  upper  stone,  and  ground  between  it  and'-l 
the  lower  one.  The  rapid  motion  of  the  stone,  creates  a  cea-r  1 
trifugal  tendency  in  the  corn  going  round  with  it,  by  whi(ih  1 
means  it  gets  farther  and  farther  from  the  centre,  as  in  a  sp{~l 
tal,  in  every  revolution,  until  it  is  quite  thrown  out ;  and  being  I 
then  ground,  it  falls  through  a  spout,  called  the  mill-eye,  into  f 
a  trough  placed  for  its  reception.  j 

When  the  mill  is  fed  too  fast,  the  corn  bears'up  the  stone, 
and  il  is  ground  too  coarse;   bi  sides,  the  mill  is  apt  to  ^et  I 
clogged,  and  to  go  loo  slowly.     When  the  corn  is  scantilr  1 

'supplied,  the  mill  goes  too  fast,  and  the  stones,  by  their  col-  1 
lision,  are  apt  to  strike  tire.     Both  these  inconveniences  am  \ 
ftToided,  by  turning  the  regulating  pin  S  backward  or  forward, 
in  order  to  draw  up  or  let  down  the  shoe,  as  the  case  is  ob- 
lerved  by  the  miller  to  require. 

The  heavier  the  running  mill-stone,  and  the  greater  the 
quantity  of  water  falling  upon  the  wheel,  the  faster  will  the 
mill  bear  to  be  fed,  and  consequently  the  greater  the  perform- 
ance of  the  nlill ;  and,  on  the  contrary,  the  lighter  the  stone, 
and  the  less  the  quantity  of  water,  the  slower  must  be  the 
feeding.  When  the  stone  is  considerably  worn,  and  become 
li^ht,  its  weight  must  either  be  increased  by  some  artificial 
addition,  or  the  mill  must  necessarily  be  fed  slowly;  other-, 
wise  the  stone  will  be  too  much  borne  up  by  the  corn  under 
it,  to  grind  the  meal  sufficiently  fine. 

The  power  necessary  to  turn  a  heavy  mill-stone,  is  but  very 
little  more  than  what  is  necessary  to  turn  a  light  one;  for  as 
the  stone  is  supported  upon  the  spindle  of  the  bridge-tree,  and 
the  end  of  the  spindle  tnat  turns  in  the  brass  foot  is  but  small, 
the  difference  arising  from  the  weight  produces  only  an  incon- 
siderable action  against  the  power  or  force  of  the  water.  Be- 
sides, a  heavy  stone  affords  llie  same  advantage  as  a  heavy  fly, 
that  is,  it  regulates  the  motion  tmtuh  better  than  a  light  one, 
from  its  not  being  liable  to  such  gre.it  fluctuations  of  velocity. 

The  centrifugal  force  carrying  the  corn  towards  tlie  circum- 
ference of  the  stones,  it  is  obvious  that  it  will  be  crushed  when 
it  comes  to  a  place  where  the  interval  between  the  two  mill- 
stones is  Ims  than  its  thickness ;  yet,  as  the  upper  mill-Ktwie  is 
supported  on  a  point  which  il  can  never  quit,  it  may  not  be 
considered  equally  obvious  why  it  should  produce  a  greater 
effect  when  it  is  heavy  than  when  it  is  light;  since,  if  it  were 
equally  distant  from  the  nether  miH-stone,  it  could  only  be 
cajiable  of  a.  limited  impression.     But  as  experience  proves 
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that  the  difference  actually  occurs^  it  may  be  proper  to  state 
the  cause.  The  spindle  of  the  mill-stone  being  supported  by 
a  horizontal  piece  of  timber,  about  nine  or  ten  feet  long,  resting 
only  on  both  its  ends,  the  upper  mill-stone,  by  the  elastic!^ 
of  this  piece,  is  allowed  a  vertical  motion,  and  plays  up  and 
dowu ;  by  which  movement,  the  heavier  the  stones  are,  the 
more  forcibly  is  the  corn  wedged  in  between  them. 

In  order  to  cut  and  grind  the  corn,  both  the  upper  and  un- 
der mill-stones  have  channels  or  furrows  cut  in  them,  proceed- 
ing oblicjueiy  from  the  centre  to  the  circumference.  These 
furrows,  in  the  direction  of  their  length,  are  cut  slantwise  on 
one  side,  and  perpendicularly  on  the  other,  so  that  each  of  the 
ridges  which  they  form  has  a  sharp  edge ;  and  in  the  two 
stones,  these  edges  pass  one  another  like  the  edges  of  a  pair  of 
scissars,  and  so  cut  the  corn,  to  make  it  grind  the  more  easily, 
when  it  falls  upon  the  furrows.  The  furrows  are  cut  the  same 
way  in  both  stones,  when  they  lie  upon  their  backs,  which 
makes  them  run  crosswise  to  each  other  when  the  upper  stone 
is  inverted  by  turning  its  furrowed  surface  towards  that  of  the 
lower;  for,  if  the  furrows  of  both  stones  laid  the  same  way, 
part  of  the  corn  would  be  driven  onward  in  the  lower  furrows, 
and  come  out  from  between  the  stones  without  being  either 
grouHid  or  bruised. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a  little 
concave;  and  they  are  farthest  from  one  another  in  the  middle, 
but  approach  gradually  nearer  towards  the  edges.  By  this 
means  the  corn,  at  its  first  entrance  between  the  stones,  is  only 
,  bruised;  but  as  it  goes  farther  on  towards  the  circumference 
or  edge,  it  is  cut  smaller  and  smaller,  and  at  last  finely  ground, 
just  before  it  comes  out  from  between  them. 

When  the  ridges  become  blunt  and  the  furrows  shallow  by 
wearing,  the  running  stone  must  be  taken  up,  and  both  of  them 
may  then  be  drest  anew  with  a  chisel  and  mallet^  Every  time 
the  stone  is  taken  up,  there  must  be  some  tallow  put  round  the 
spindle  and  upon  the  bush;  this  unguent  will  soon  be  melted 
by  the  heat  the  spindle  acquires  from  its  turning  and  rubbing 
against  the  bush,  which  it  will  prevent  from  takmg  fire. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
any  shake  in  the  motion,  which  would  cause  some  parts  of  the 
stones  to  grate  against  each  other,  whilst  the  other  parts  of 
them  would  be  too  far  asunder,  and  by  that  means  spoil  the 
meal.  Hence,  whenever  the  spindle  has  worn  the  bush,  so  as 
to  begin  to  shake  in  it,  the  stone  must  be  taken  up,  and  a 
chisel  driven  into  several  parts  of  the  bush ;  and  when  it  is 
taken  out,  wooden  wedges  must  be  forced  into  the  holes;  by 
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uliich  means  the  bush  will  be  made  closely  to  embrace  the 
spiiiille  again  all  round.     In  doing  this,  great  care  must  be 
taken  lo  drive  equal  wedges  into  the  bush  on  opposite  sides  of  ' 
tile  spindle;  otlierwise  it  will  be  thrown  out  of  the  perpciidi-  ' 
cular,  and  so  hinder  the  tipper  stone  from  being  set  parallel  to  * 
the  under  one,  which  is  absolutely  necessary  for  making  !;;ooil 
work.     When  any  accident  of  this  kind  occurs,  the  perpendi-  ' 
cular  position  of  the  spindle  must  be  restored,  by  ndjustingii 
the  bi'idge-tree  with  proper  wedges  put  betweeH  it  and  tlie^  | 
brayer. 

It  often  happens,  that  the  rynd  is  a  little  wrenched  in  lay-  * 
ing  down  tlie  upper  stone  upon  it,  or  is  made  to  sink  a  little 
lower  on  one  side  of  the  spuidli'  than  on  the  other;  and  this 
will  cause  one  edge  of  the  upper  stone  to  drag  all  round  upon 
the  lower,  while  the  opposite  edge  will  not  touch.  This  m  ' 
easily  rectified,  by  raisin|^  the  stone  a  little  with  ii  lever,  and  • 
putting  bits  of  paper,  card,  or  thin  chips,  between  the  rynd  r 
and  the  atone.  - 

We  shall  mention  in  this  place  a  very  useful  and  ingenious 
contrivance,  adopted  by  the  American  millwrights  for  raising 
the  ground  corn  to  the  cooling  boxes,  or  place  from  which  it 
is  conveyed  into  the  boltin<r  machine.  They  place  a  large 
screw  horizontally  in  the  box  which  receives  the  flour  from 
the  mill-stones.     The  thread  or  spiral  line  of  the  screw  is  com- 

Iiosed  of  pieces  of  wood  about  two  inches  broad  and  three 
ong.  fixed  into  a  wooden  cylinder  seven  or  eight  feet  in  length, 
which  forms  the  axis  of  the  screw.  When  the  screw  is  turned 
round  this  axis,  it  forces  the  meal  from  one  end  of  the  trough 
to  the  other,  where  it  falls  into  another  trough,  from  which  it 
is  raised  to  the  top  of  the  mill-house  by  means  of  elevators,  a 
piece  of  machinery  similar  to  the  chain  pump.  These  ele- 
vators consist  of  a  chain  of  buckets,  or  concave  vessels  tike 
large  tea-cups,  fixed  at  proper  distances  upon  a  leathern  band, 
going  round  two  wheels,  one  of  which  is  placed  at  the  top  of 
the  mill-house,  and  the  other  at  the  bottom  in  the  meal-Uough. 
When  the  wheels  are  put  in  motion,  the  band  revolves,  and 
the  buckets,  dipping  into  the  meal-trough,  convey  the  meal  to 
the  upper  story,  where  they  discharge  their  Aonlenls.  The 
band  ot  buckets  is  inclosed  in  two  square  boxes,  in  order  to 
keep  them  clean,  and  preserve  them  from  injury.  It  is  ob- 
vious how  much  more  complete  this  contrivance  is,  than  the 
mode  adopted  in  this  country,  of  putting  the  meal  into  sacks, 
and  then  raising  it  up  by  the  common  machinery  for  that 
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Of  Wh£El-carriages. 

In  considering  this  subject,  it  will  be  proper  to  advert  to  the 
formation  of  the  animal  by  which  wheel-carriages  are  put  in 
motion.  The  horse  is  admirably  calculated  for  draught,  and 
the  circumstances  r-  »ling  him  to  draw  to  the  ^eatest  ad- 
vantage are,  to  a  t-* .  -uii  extent,  so  well  known  to  every  one  at 
all  conversant  with  mechanics,  that  it  is  not  less  a  cause  of 
surprise  than  of  regret,  that  his  valuable  properties  should  still 
continue  to  be  so  much  abused  as  we  find  them  to  be.  Bat 
information  spreads  slowly  among  the  mass  of  the  people,  and 
it  is  long  in  reaching  provincial  wheelwrights,  among  vrhom, 
as  amongst  other  classes  of  men,  there  is  a  disposition  to  fol- 
low the  practice  of  their  forefathers,  without  inquiring  whether 
they  are  right  or  wrong.  Much  as  men  are  attached  to  their 
interest  too,  the  arrogance  of  dominion,  even  over  a  brute, 
often  renders  them  cruel  in  opposition  to  it;  and  cruelty  can 
never  bear  the  light  of  reason  in  her  path.  When  the  broad- 
wheel  act  was  passed,  a  great  outcry  was  raised  against  it  by 
those  whom  it  would  have  benefited,  and  who,  instead  of  com- 
plying with  it,  perversely  rendered  its  provisions  worse  than 
nugatory,  by  bevelling  their  wlieels.  Tnus,  instead  of  reliev- 
ing their  horses,  they  adopted  a  practice  tending  to  oppress 
them  more  than  ever.  With  respect  to  the  position  of  the  line 
of  traction,  errors  of  eoual  moment  are  frequently  committed, 
as  a  little  attention  will  enable  any  one  to  perceive,  who  shall 
consider  for  a  moment  the  form  of  the  shoulders  of  a  horse. 
It  is  evident  (see  fig.  9,  pi.  V,)  that,  at  the  place  where  the 
neck  rises  from  the  chest  of  the  animal,  the  shoulder-blades 
form  the  resting  place  of  his  collar  or  harness  into  a  slope,  a  p. 
This  slope  or  inclination  forms  an  angle  with  a  perpendicular 
to  the  horizon,  of  about  fourteen  or  fifteen  degrees;  and  there- 
fore the  line  of  traction  or  draught  should  form  the  same  angl^ 
with  the  horizon;  because  he  will  then  pull  perpendicularly  to 
the  shape  of  his  shoulder,  and  all  parts  of  that  shoulder  will 
be  equally  pressed  by  the  collar.  Besides,  in  overcomins^ 
obstacles,  the  advantage  of  this  inclined  direction  is  mechanic 
callu  great;  tike  following  demonstration  of  it,  taken  from 
Walker's  "System  of  Familiar  Philosophy,"  has  not  perhaps 
been  improved  upon.  Call  «,  fig.  10,  a  wheel,  6  an  obstacle,  e 
the  axle  of  the  wneel,  d  the  spoke  which  at  present  sustains  the 
weight.  A  line  drawn  from  the  nearest  part  of  the  horizontal 
line  of  draught  c  A  to  the  fulcrum  or  obstacle  at  e,  will  form  the 
acting  part  of  a  lever  ge;  and  another  line  e  d  being  drawn 
from  the  fulcrum  e  to  the  nearest  part  of  the  spoke  rf,  will  form 
the  resisting  part  of  the  same  lever.    Now  as  tne  acting  and  re« 


I 


MECHANICS.  869 

AdTUtigei  of  na  inclinnl  line  tt  dnia;cht. 

sialing  annspfthe  lever  are  of  equal  lengths,  ihe  lever  becomes 
ascote-beam,  andadraaght  in  the  lineg&must  be  equal  to  the 
weiglit  of  the  wheel  and  all  that  it  sustains,  besides  the  fric- 
tion; lijr  ]( ged  be  a  crooked  leper,  a  pull  xt  g  must  be  equal 
to  all  the  weight  supported  by  d.  But  when  a  horse  draws 
agreeablv  to  the  <^ape  of  his  shoulder,  in  the  line  i  h,  the  act 
iiigpart  of  the  lever  A  e  is  lengthened  nearly  one-fourth;  so  tllftt 
il'it  would  require  a  pull  at  g  equal  to  fourhatidred  weight,  a 
power  npptied  at  A  will  draw  ilie  wheel  over  the  obstacle  h  with 
three  hundred  weight.  To  those  unacquainted  with  the  piin- 
ciples  of  mcchariicG,  this  truth  may  be  easily  proved  by  an 
ordinary  acrtle-beftm.  The  horse  himself,  considered  as  a  Icvei, 
has  in  this  inclined  draught  a  manifest  advantage  over  his  ob- 
stacles, in  comparison  of  a  horizontal  draught,  as  may  be  seen 
"by  fig.  9.  When  the  horse  is  yoked  to  a  post,  or  has  any  great 
obstncle  to  overcome,  he  converts  himself  into  a  lever,  making 
his  bind  feet  the  fulcrum,  and  the  centre  of  gravity  of  his  body 
to  lean  over  it,  at  as  great  a  distance  as  possible,  by  thrusting 
out  bis  hind  feet ;  by  tliis  means,  acting  botb  by  hia  we^ht 
and  muscnlar  strength,  and  lengthening  the  acting  part  of  the 
lever  a  b,  lie  overcomes  the  difficulty  more  by  his  weight  than 
by  hia  muscular  strength ;  for  the  mnscles  of  tlie  fore  legs  act 
'lipon  the  bones  to  so  great  a  mechanical  disadvantage,  that 
Bough  he  exerts  them  with  ail  his  might,  they  serve,  in  great 
ifforls,  for  little  more  than  props  to  the  fore-part  of  hia  body, 
"snce  we  see  the  great  use  of  neavy  horses  for  draught.  But 
e  great  mechanical  use  and  advantage  of  the  inclined  line  of 
rsught  may  be  more  particularly  seen,  by  calling  the  line  a  b, 
9,  the  acting  part  of  the  lever,  and  tne  nearest  approach 
n  the  fulcrum  b  to  the  inclined  line  of  draught  (that  is,  b  c) 
resistli>g  part  of  the  lever :  compare  this  with  the  resisting 
.rl  of  a  lever  touching  the  horizontal  line  of  draught,  (that 
\,b  d)  and  it  will  be  tound  nearly  double;  in  consequence, 
"  reeably  to  the  known  properties  of  the  lever,  a  weigiit  at  g 
luld  require  double  the  exertion  in  the  horse  to  remove  it, 
iX  the  same  weight  would  require  were  it  placed  at  e. 
From  the  above  data,  several  important  practical  conclusions 
ly  be  drawn; — one  is  particularly  important,  that  siiigle- 
rse  carts  are  preferable  to  teams,  because  in  a  team,  all  out 
e  shaft  horse  must  draw  horizontally,  and  consequently  in  a 
manner  inconsistent  with  their  structure,  and  the  established 
laws  of  mechanics.  Tlie  sninll  horses  of  the  norlli  of  England 
draw  more  weight  of  actual  goods  than  our  largest  waggon 
'lOrses,  and  go  longer  stages.  The  small  horses  of  Ireland,  as 
'bommon  load,  draw  fifteen  hundred  weight  of  goods,  and 
ivel  farther  in  a  day  than  our  waggons,  and  over  worse  roads 
16.— Vol.  I.  3  B 
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than  ours  are  in  general ;  ten  or  twelve  hundred  weight  of  real 
goods  is  as  much  as  falls  to  the  share  of  one  waggon  horse, 
whose  superior  strength  is  wasted  upon  a  cumbrous  vehicle, 
and  by  the  mechanical  disadvantages  of  his  draught 

Waggon-wheels  are  generally  made  with  the  extremities  of 
the  axle  inclined  downwards;  thus  is  forfeited  the  advantage 
of  their  being  formed  in  a  lathe,  without  more  trouble  than  tne 
makers  are  inclined  to  bestow  for  ordinary  purposes;  and  the 
ends  are  seldom,  perhaps  never,  inclined  in  the  same  angle  or 
exactly  opposite  ea6h  other,  consequently  the  tendency  of  the 
motions  of  the  wheels  is  in  different  directions,  and  the 
^draught  of  the  horses  is  constantly  exerted  in  twisting  them 
out  of  their  natural  course.  This  mischief  is  increased  by 
bevelling  the  wheels,  and  the  horses  are  harassed  to  no  pur- 

Eose  except  that  of  grinding  the  roads.    Let  a  bevelled  wneel 
e  rolled  oy  itself,  it  will  soon  be  seen  that  it  will  not  proceed 
in  a  straight  line,  but  in  a  curved  line,  like  a  cone.    Sir  George 

^Saville,  a  philosophio  patriot,  whose  memory  is  illustrious, 
Calculated  how  far  a  waggon  was   rendered  a  sledge  in  a 

journey  from  London  to  lork.  The  distance  is  two  hundred 
miles ;  thirty  of  which  he  found  the  waggon  is  drawn  as  if  it 

ivere  a  sledge  "Without  wheels.  Another  disadvantage  of  a 
waggon  arises  from  the  sluggishness  of  its  motion.  This  will 
be  readily  understood  and  allowed,  when  it  is  considered  how 
small  a  force  will  continue  the  motion  of  a  heavy  body,  mov- 
ing with  a  certain  degree  of  rapidity,  in  comparison  with  what 
is  required  to  impel  it  from  a  state  of  rest ;  but  if  the  motion 
of  the  body  be  extremely  slow,  the  force  necessary  to  keep 
it  up,  must  be  nearly  equal  to  that  which  moved  it  at  first. 
The  latter  case  is  precisely  that  of  waggon  horses,  which  have, 
every  instant  of  their  draught,  to  overcome  nearly  the  whole 

.  inertia  of  their  load. 

A  sledge,  in  sliding  over  a  plane,  suffers  a  friction  equiva- 
lent to  the  distance  through  which  it  moves;  but  if  we  apply 

.  wheels,  the  circumference  of  which  is  eighteen  feet,  and  they 
turn  upon  axles,  the  circumference  of  which  is  only  six  inches, 
it  is  plain,  that  while  the  carriage  moves  eighteen  feet  over 
the  plane,  the  wheels  make  but  one  revolution ;  and  as  there 
is  no  sliding  of  parts  between  the  plane  and  the  wheels,  bat 
only  a  mere  change  of  surface,  no  friction  takes  place  there, 
the  whole  being  transferred  to  the  nave  acting  on  the  axle; 
so  that  the  only  sliding  of  parts  has  been  betwixt  the  inside 
of  the  nave  and  the  axle,  which,  if  thev  fit  one  another  exactly, 
is  no  more  than  six  inches;  hence  the  friction  is  reduced  m 
the  proportion  of  six  inches  to  eighteen  feft,  that  is,  as  thirty- 
aix  to  one.     In  all  cases,  by  applying  wheels*  the  XnqtiQAJ' 
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&  lessened,  in  the  proportion  of  tlie  diameter  of  tlie  axl£3 
'^o  tkit  oT  the  vvhtelii.  Another  advantage  is  also  gained,  *y 
l^havii.g  the  surfaces  of  friction  coutin,ed  to  80  small  au  extent, 
I  .^rising  from  the  circumstance  of  their  being  more  easily  made 
I  Jxue,  Kept  smooth,  and  fitted  to  each  other.  The  only  incon- 
ItiVenience  is  the  height  of  the  wheels,  which  must  in  most 
[Ycases  he  added  to  that  of  the  carriage  itself. 

A  four-wheeled  carriage  may  be  drana  with  five  times  as 
pluch  ease  as  one  that  slides  upon  the  same  surface  in  the 
tondition  of  a  sledge.  In  four-wlieeled  carriages,  the  fore- 
(vheels  are  made  of  a  less  size  than  the  hind  ones,  in  order  to 
^able  them  to  turn  in  less  room  ;  and  not  for  the  purpose  of 
_"ig  into  action  any  supposed  pushing  quality  in  high 
%Bck-wheeIs. 
,  Large  wheels  have  the  advantage  over  small  ones  in  over- 
ling obstacles,  because  wheels  act  as  levers  in  proportion 
.heir  various  sizes;  but  when  they  are  so  high  as  not  to 
jllow  the  line  of  draught  to  have  the  inclination  before  stated, 
r  advantage  as  longer  levers  is  counterbalanced  by  their 
sssening  the  intensity  of  the  moving  power;  therefore  the 
iptal  advantages  of  wheels  drawn  horizontally  do  not  increase 

oportionally  to  their  height. 
'  In  ascending,  high  wheels  will  be  found  to  facilitate  the 
SVaught  in  exact  ratio  with  the  squares  of  their  diameters; 
AUt  in  descending,  they  are  liable  to  press  in  the  sarne  pro- 
1.  An  admirable  device  was  produced  by  Lord  So- 
merville,  to  remedy  the  latter  evil ;  it  consisted  m  throwing 
Hie  weight  behind  the  centre  in  going  down  hill,  by  raising 
ij^e  fure  part  of  the  body  of  the  cart;  so  that  while  the  shait 
nay  incline  downwards,  in  proportion  to  the  line  of  declivity, 
[  liie  bottom  of  the  carl's  body  sltould  remain  horizontal.  This 
'  Construction  is  now  common  in  Devonshire,  and  some  other 
counties. 

As  small  wheels  turn  as  much  oftener  round  than  large 
ones  aa  theit  circumferences  are  less,  so  when  the  carriage  is 
loaded  with  an  equal  weight  on  both  axles,  the  fore  axle  must 
sustain  as  much  more  friction,  and  consequently  wear  out  as 
much  sooner  than  the  hind  axle,  as  the  fore-wneels  are  less 
than  the  hind  ones.  This  points  out  that  the  greatest  weight 
. should  be  laid  upon  the  large  wheels;  yet  it  is  generally  the 
practice  to  put  the  greatest  load  over  the  small  wheels,  which 
not  only  makes  the  friction  greatest  where  it  ought  to  be  the 
least,  but  also  presses  the  fore-wheels  deeper  into  the  ground 
than  the  hind-wheels,  notwithstanding  tne  former  are  with 
more  difficulty  drawn  out  of  it  than  the  latter.  The  limitn- 
^Drtp  loa^pig  the  hind-wheela  with  the  greatest  part  of  the 
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Weight,  will  cdhsist  in  not  carrying  it  to  soch  an  excess  as  to 
endanger  the  tilting  of  the  vehicle,  in  going  up-hill 

Wheels  are  commonly  made  with  what  is  called  a  dish,  that 
is,  the  spokes  are  inserted  not  at  right  angles,  but  with  an  in- 
clination towards  the  axis  of  the  nave  or  ceiftre-piece;  so  that, 
if  the  interior  end  of  the  nave  were  placed  on  the  ground,  the^ 
spokes  being  higher  tt  the  outside  than  at  their  terminatioti 
in  the  nave,  the  wheel  appears  dished  or  hollow.  Wheels  are 
iisually  dished  about  four  inches  in  a  diameter  of  five  feet.  If 
the  wheels  were  always  to  go  on  smooth  and  level  groubd,  this 
best  way  would  certainly  be  to  make  the  spokes  perpendicular 
to  the  naves  and  axles ;  because  they  woUld  then  bear  the  load 
perpendicularly,  in  which  position  wood  supports  the  greatest 
weight.  But  because  roads  are  generally  uneven,  one  whe^l 
often  falls  into  a  cavity,  or  rut,  when  the  other  does  not,  and 
then  it  bealiB  much  more  than  an  equal  share  of  the  load. 
Hence  the  utility  of  dishing  the  wheels,  because  when  a  dished 
wheel  falls  into  a  rut,  the  spokes  become  perpendicular  in  the 
rut,  and  therefore  have  the  greatest  strength  when  the  ob- 
liquity of  the  load  throws  most  of  its  weight  upon  them;  whilst 
those  on  the  high  ground,  having  less  weight  to  beiar,  have  n6 
occasion,  at  that  time,  for  their  utmost  strength.  Dished 
wheels,  when  on  straight  or  horizontal  axles  (and  no  other 
axles  should  be  used,)  have  many  other  excellencies;  they 
make  carriages  to  stand  on  a  broader  base,  and  therefore  ren- 
der them  less  liable  to  be  overturned ;  they  give  more  room  to 
the  body  of  the  carriage  than  if  the  spokes  were  perpendicu- 
lar; they  stand  against  side-jolts  like  an  arch,  and  when  the 
carriage  is  going  along  the  inclined  side  of  a  road,  they  ren- 
der it  less  liable  to  be  overthrown. 

If  the  spokes  be  set  So  far  from  the  outer  end  of  the  nave, 
that  a  perpendicular  from  the  sole  to  the  under  side  of  th6 
axle  may  fall  between  an  inch  and  two  inches  between  the 
bushes,  the  pressurte  will  be  somewhat  greater  on  the  outer 
than  on  the  inward  bush,  when  the  wheels  are  on  a  level  This 
will  be  an  advantage,  particularly  when  the  inner  part  of  the 
axle-arm  is  much  larger  than  the  outer ;  as  it  has  then  more 
friction,  therefore  the  pressure  should  be  diminished;  besides, 
every  sinking  of  one  wheel  more  than  the  other,  causes  it  to 
pincn  the  inner  bush.  It  has  been  proposed,  as  the  best  mode 
of  placing  the  spokes  in  the  naves,  to  mortise  them  in  two 
rows,  alternately ;  this  does  not  weaken  the  centre  so  much 
ts  when  all  the  spiokefs  ate  in  one  row  or  bahd,  atod  jgivei  \i 
greater  powW*  of  i^sfst^ncfe  outwards. 

The  question  i^pfcethfdrbroad  or  narrow  wneels  are  b«^t,  has 
be^n  tntrch  ctmtestM.    'The  poptiTar  opinion  has  ialwsiy^  be^ 
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ii^  favour  of  uarf^ow  wliecU;  and  accorJiugly,  the  carriers 
tbpught  tbeumelve^  iujureil  by  tlie  broad-wlteel  act,  tliougli  i{( 
alioued  them  to  draw  witlj  more  horses,  and  carry  greater' 
loads  ilian  usual.  Tiiis  luiiltev  deserves  a  moments  attention^ ' 
— We  have  obaerved  on  a  former  occasion,  that  friction  jilj 
creases  somewhat  with  an  increase  of  surface:  so  fur  then,  ihp' 
opinion  uf  the  carriers  tailiea  with  a  general  truth  ;  but  It  is  at' 
the  same  time  true,  that  if  the  moving  body  hnve  go  tliin  a. 
r^sliii^  edge  a$  to  cut  into  the  surface  over  which  it  paiii^es, ' 
the  friclion  will  be  actually  increased  by  the  dtnimution" 
of  tlie  surfaces  in  contact.  It  is  the  want  of  duly  cnnsi-' 
di^riii^  this,  that  supports  the  prejudice  in  favour  of  narroW 
wheels,  which  cut  aud  sink  into  the  roads,  and  may  be  coil- 
sidered,  except  on  the  very  few  roads  that  are  impervious  to, 
them,  as  cuustairtly  goin"  up-hill,  even  upon  level  ground. 
l)ul  eiperie[ice  testifies,  tliat  instead  of  thus  ploughing  the 
roi|Js.  broad  cylindrical  wheels  smooth  and  harden  them,  and', 
movii  with  greater  facility. 

If  the  tire  or  iron  binding  of  a  wheel  be  in  separate  parts,' 
and  not  in  oue  single  hoop,  these  parts  should  not  be  made' 
ifuite  to  meet  each  other  at  the  Urst;  because  when  the  wheel 
has  been  some  time  in  use,  they  will  settle  more  closely  to  the 
wliecl  than  they  can  be  laid,  and  the  vacancies  will  then  be 
filltd  up.  The  axip-arm  should  be  a  perfect  cylinder,  or  if 
tapered  towards  the  extremity,  the  difference  of  its  two  dia- 
iiieitTs  should  be  very  trifling;  a  small  degree  of  taper  is  pre- 
feiied  by  many,  because  it  gives  the  wheel  rather  a  disposi- 
tion to  slide  on.  thus  preventing  it  from  being  apt  to  close  tn- 
ua>diy,  and  creating  excessive  friction;  but  it  increases  the 
necessity  for  good  iron  washers  exteriorly,  and  of  substantial 
linch-pins.  It  is  not  an  uncommon  practice  to  iet  the  wheels, 
that  is,  to  give  them  a  slight  inclination  towards  each  other, 
whereby  they  are,  perhaps,  an  inch  nearer  at  the  front  than 
at  tlie  hack  ;  this  is  chiefly  done  to  wheels  that  are  bevelled, 
with  a  view  to  make  them  run  more  evenly  on  tlieir  sole  or 
bearing' part,  and  to  prevent  their  gaping  forward;  but  it  is 
evidently  a  distortion,  an  attempt  to  rectify  one  bad  thtn^  by 
another  of  the  same  stamp,  as  ii  the  multioli cation  of  mischief 
would  produce  good 

The  nave  of  a  heavy  wheel,  as  for  an  ordinary  cart  for  field 
purposes,  need  not  be  more  than  twelve  or  fourteen  inches  ia 
leni^th;  if  too  short,  the  wheel  will  wabble,  unless  fitted  very 
tightly  on  the  axle;  while  too  long  a  nave  is  apt  to  catch  the 
"^t  from  the  upper  part,  and  to  project  too  much  beyond  the 
Wter  face  of  the  fellies;  the  lengthjust  stated  is  exclusive  of 

i  pan  at  the  outer  end. 
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The  proportions  of  wheels  are  ofteit  regulated  as  much  bj' 
the  purposes  to  which  the  vehicles  are  applied,  as  by  the  fa- 
cilities they  afford  to  motion ;  thus  waggons  have  in  general 
large  hind-wheels,  while  in  timber-carriages  the  four  are  nearlj 
of  the  same  height;  the  London  common  stage-carts  have  largi 
wheels,  while  tne  drays  used  by  brewers  have  very  low  ones 
The  reason  is  obvious:  waggons  and  carts  load  behind;  but 
drays,  and  the  timber-carriage^  alluded  to,  load  at  the  ^ides; 
and  therefore,  for  them,  large  wheels,  however  much  they 
might  favour  the  draught,  would  be  extremely  inconvenient, 
indeed  incompatible  with  their  use.  The  wheels  of  single- 
horse  carts  for  ordinary  purposes,  where  there  is  no  particular 
necessity  for  having  them  low,  may  be  from  four  feet  to  foiir 
feet  six  inches  in  diameter,  {jot  a  horse  of  about  sixteen  hands 
high.  For  four-wheeled  carriages,  suppose  Tour  feet  to  be  the 
height  of  the  fore-wheels,  and  the  line  of  traction  to  be  drawn 
at  an  elevation  of  fourteen  degrees  from  the  centre  of  its  axle, 
the  point  where  that  line  cuts  the  circumference  of  the  wheel  in 
its  front,  gives  that  height  from  the  plane  on  which  the  carriage 
stands,  that  will  determine  the  radius  of  the  hind-wheels. 

Wheels,  whatever  tlieir  size,  should  be  made  of  well-season- 
ed, tough  wood,  perfectly  free  from  blemish ;  the  naves  are 
generally  of  elm,  the  spokes  of  oak,  and  the  fellies  of  elm  or 
of  ash.  The  bent  fellies,  when  the  wood  has  not  been  hurt 
by  too  much  heat,  have  greater  strength  with  less  wood,  than 
those  which  are  cut  by  the  saw  in  a  curved  direction. 

It  is  common  in  many  places,  and  deserves  to  be  so  every- 
where, to  have  a  contrivance  for  relieving  the  horse  of  a  loaded 
cart  from  the  weight  pressing  on  his  shoulders,  when  it  is  ne- 
cessary for  any  purpose  to  stop  awhile ;  this  useful  object  is 
attained  by  an  appendage  so  simple  as  that  of  a  pole  or  staff, 
which,  turning  on  a  hook-and-eye  hinge,  is  let  down  from  one 
of  the  shafts  when  the  occasion  requires. 

Clqck-Work. 

The  term  clock'-work,  originally  imported  those  wheels,  pi- 
nions, and  other  mechanism,  which  constituted  the  'striking 
(►art,  or  what  was  formerly  called  the  clock  part  of  a  movement 
or  measuring  time ;  and  that  part  of  the  machine  which  gave 
motion  to  the  hands  for  shewing  the  parts  of  time,  was  called 
the  watch  part.  But  at  present  the  term  watch  is  appropriated 
to  such  movements  for  measuring  time  as  are  carried  in  the 
pocket;  and  the  larger  movements,  whether  they  strike  cJr  not, 
are  called  clocks. 

%  Watches  which  regularly  strike  the  hour,  are  called  pocket' 
clocks:  if  they  only  strike  the  hour,  when  some  particular  part 
for  that  purpose  is  touched,  they  are  called  fq>eating  watches. 
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fThe  lerm  cbroiionieleT.  is  chiefly  used  by  workmen  and  iiari- 
gators,  to  denote  a  watch  or  portable  macliine,  construcleeT 
with  ao  much  care  and  skill,  as  to  be  fit  for  determining  ihe 
longitude  at  sen.  The  word  lime-kteper  ia  a  fit  appellation  for 
an  aslrononiicBl  clock,  but  it  is  often  employed  with  the  same 
latitude  as  lime-j»tce,  which  is  of  more  extensive  fiignificntion, 
as  a  general  name,  or  a  varied  or  compendious  mode  of  de- 
noliiig  "any  instrument  for  me^snrln^  time." 

In  treatises,  it  is  usual,  for  the  lioke  of  distinction,  to  use 
the  terms  clock  and  watch  in  their  ancient  sense,  genernlly 
with  the  word  part  after  them;  thus,  by  the  expression  clock 
part,  is  meant  the  striking  portion  only,  and  by  that  of  u-alch 
part,  the  going  portion  only. 
'  There  are  many  documents  to  prove  the  existence  of  clocks, 
with  wheels  and  weights,  in  the  middle  of  the  fourteenth  cen- 
tury ;  but  the  invention  cannot  be  traced  to  an  earlier  date  with 
any  certainty.  The  sphere  of  Archimedes,  indeed,  has  been 
considered  as  the  first  attempt  towards  the  formation  of  a  clock; 
it  had  a  maintaining  power,  but  being  without  any  kind  of 
regulator,  could  only  measure  time,  as  a  planetarium  exhibits 
the  motion  of  the  stars,  with  relative,  but  not  positive  precision. 
The  opinion  of  Berthoud,  who  has  investigated  the  Gubjeot 
with  attention,  is  evidently  just,  when  he  asseils  that  the  clock 
is  not  the  invention  of  any  one  man,  but  an  assemblage  of  suc- 
cessive inventions,  each  of  which  is  worthy  of  a  separate  con- 
triver. 1.  Wheelwork,  which  was  known  in  the  time  of  Archi- 
medes; 2.  the  application  of  the  weight  as  a  niaintaininfp 
power;  3.  the  use  of  the  fly  as  a  regulator;  4-  the  rfltche(_ 
wheel  and  click  ;  5.  the  substitution  ofthe  hniance  for  the  fly^ 
and  the  escapement  which  was  necessarily  introduced  at  inf 
same  time ;  6.  the  application  of  the  dial  and  hands ;  and  7.  tlM 
addition  ofthe  striking  part.  ^ 

The  introduction  of  the  spiral  spring,  as  «  first  mover,  tns^  ^ 
stead  of  a  weight,  took  place  about  the  beginning  of  the  six- 
teenth ceiitui-y.  About  the  year  1650,  a  new  era  in  the  art  of' 
clock-work  commenced,  bv  the  application  of  the  pendulum' 
as  a  regulator;  in  the  year  1715.  a  compensation  for  the  effect^' 
of  change  of  temperature  was  appliea  to  tinie-pieoes,  which, 
not  long  after,  were  contrived  so  as  to  go  while  they  werei 
wound  up.  From  this  time,  improvements  succeeiled  each; 
other  with  great  rapidity.  These  improvements  relate  partly 
to  more  accurate  workmantihip,  but  principally  to  the  escape-' 
ment.  or  different  modes  of  connecting  the  wheel-work  with 
the  pendulum  or  balance.  Volumes  would  be  required  to  dO 
justice  to  the  persons  who  have  distingui-ihed  themselves  in^ 
this  line  of  art;  but  we  must  go  little  beyond  the  genenU' 
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ptiacif^les  of  this  sort  of  mechanism,  and  these  will  perhaps 
Ve  best  understood,  if,  ifi  the  Qrat  place^/we  describe  the  faxkm 
of  a  clock. 

The  profile  of  the  watch  or  going  part  of  a  clock  is  sbewoibj: 
fig.  1,  pi.  VI.  P  is  a  weight  wnich  keeps  the  clock  going ;  it  a 
i^iispended  by  a  catsnt  band  that  winds  about  the  cylinder  or 
barrel  C,  which  is  fixed  upon  the  axis  a  a:  the  pivots  6  fr  go 
into  holes  made  in  the  brass  plates  SS,  TT»  in  which  the^r  turn 
freely.  These  plates  are  connected  by  means  of  four  pillars, 
only  two  of  which,  ZZ,  can  be  seen  itt  the  profile,  and^the  whole 
together  is  called  the  frame.  On  the  circumference  of  barrel 
C  IS  a  spiral  groote^  in  which  the  catgut  lies,  and  is  thereby^ 
caused  to  wind  round  in  a  reo^ular  mianner. 

The  Weight  P,  if  not  restrained,  would  necessarily  turn  tbe 
barrel  C,  with  a  uniformly  accelerated  motion,  in  the  same 
planner  as  if  the  weight  was  falling  freely  from  a  height;  bat' 
the  barrel  is  furnished  with  a  ratchet-wheel,  KK,  the  right  sides 
of  the  teeth  of  which  strike  against  the  click,  which  is  fixed 
vrith  a  screw  to  the  wheel  DD,  so  that  the  action  of  the  weight 
is  coBOmiuhiciEited  to  the  wheel  DD,  the  teeth  of  which  act 
upon  the  leaves  of  the  pinion  which  turns  u|!>on  the  pivots  cc. 
Tnis  communication  of  the  teeth  of  one  wheel  with  another  ia 
cglled  pitching.  Several  things  are  requisite  to  form  a  good 
pitching,  which  is  very  important  in  all  machinery  where 
wheels  and  pinions  are  employed ;  the  teeth  and  pinion  leaves 
should  be  of  a  proper  shape,  and  perfectly  equal  among  them** 
selves;  the  size  also  of  the  pinion  should  be  of  a  just  propor** 
tion  to  the  wheel. 

The  wheel  £E  is  fixed  upon  4^he  axis  of  the  pinion  d ; 
and  the  motion  communicated  to  the  wheel  DD  by  the 
weight,  is  transmitted  to  the  pinion  d,  consequently  to  the 
wheel  EE,  as  likewise  to  the  pinion  e,  and  wheel  FF,  which 
moves  the  pinion  f,  upon  the  axis  of  which,  the  last  or 
swing  wheel  GH  is  fixed.  In  a  word,  the  motion  begun  by 
the  weight  is  transmitted  from  the  wheel  GH  to  the  pallets 
IR  of  the  escapement  (fig.  2.)  fixed  on  an  arbor  going 
through  the  back  plate  of  the  frame,  and  carrying  a  lever 
XU,  (fig.  1,)  which  is  forked  at  the  lower  part  to  receive  the 
pendulum.  The  pendulum  consists  of  a  metallic  rod,  sus*^ 
ended  by  a  very  slender  piece  of  steel  springy,  from  a  brass 
af  A,  screwed  to  the  frame  of  the  clock,  and  ha»  a  heavyweight 
or  bob  at  its  lower  end.  The  pendulum  y  B,  if  once  put  in 
motion,  will  describe  round  the  point  of  suspension  y,  an  arc 
of  a  circle,  and  will  continue  to  go  alternately  backward  and 
forward  till  the  force  impressed  upon  it  is  wasted,  by  the  usasil 
causes  which  tend  to  destroy  all  other  artifi^cial  motions,  vis*: 
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friction  and  gravi{alion.  The  pendulum  is  the  tiiue-measuren 
tt  every  vibration  which  it  makes,  the  teeth  of  the  siviug-\\'hee| 
GH  net  upon  the  pallets  IR,  (fig.  2,)  in  such  a  manner,  thaj 
after  one  tooth  H  has  communicated  motion  to  the  pallet  £ 
that  tooth  escapes;  then  the  opposite  tooth  G  acts  upon  th 
pallet  I,  and  escapes  in  the  same  manner :  and  thus  each  tootfc 
of  the  wheel  escapes  the  pallets  IR,  after  having  communicated' 
their  motion  to  the  pallets;  so  that  the  pendulum,  instead  of 
stopping,  continues  to  move.    *  t 

The  wheel  EE,  (fig.  1,)  revolves  in  an  hour;  the  pivot  c  of 
this  wheel  passes  through  the  plate,  and  is  continued  to  rj 
upon  this  pivot  is  a  wheel  NN,  with  a  long  socket  fastened  in 
its  centre;  upon  the  extremity  of.  this  socket  r  the  minute- 
hand  is  fixed.  The  wheel  NN  acta  upon  the  wheel  O;  the 
pinionof  which,  ^,  acts  upon  the  wheel  g^,  fi.\ed  upon  a  socket 
which  turns  along  with  the  wheel  N.  This  wheel  <t;g,  makes 
its  revolution  in  twelve  hours,  and  upon  the  barrel  of  it  M 
fixed  the  hour-hand.  I 

From  the  ahove  description  it  is  easy  lo  see,  1.  that  tlia 
weif^lit  P  turns  all  the  wheels,  and  at  the  same  time  continues 
the  motion  of  the  pendulum ;  2.  that  the  quickness  of  the  m«rf 
tion  of  Lhe  wheels  is  determined  by  that  of  the  pendulum ;  and*, 
3.  thut  the  wheels  point  out  the  parts  of  time  divided  by  th* 
uuiform  motion  of  the  pendulum.  When  the  catgut  upoil 
which  the  weight  is  suspended  is  entirely  run  down  from  off 
the  barrel,  it  is  wound  up  again  by  means  of  a  key,  which  goes 
on  the  square  end  of  the  arbor  or  axis  Q,  by  turning  it  im* 
contrary  directiou,  from  that  in  which  the  weight  descendxl 
For  this  purpose,  the  inclined  side  of  the  teeth  of  the  ratcheU 
wheel  K,  (tig.  2.)  removes  tlio  click  C,  so  that  the  ivheel  K 
turns  with  tli«  barrel;  while  the  wheel  D  is  at  rest;  but  as  sooil 
as  the  baud  is  wound  up,  the  click  falls  in  between  the  toetb 
of  tile  wheel  K,  and  the  right  side  of  the  leetb  again  act  up<tB 
the  end  of  the  click,  whicli  obliges  the  wheel  D  to  ru»  nlosg 
with  the  barrel,  and  the  spring  A  keeps  the  click  belwt«D  tbf 
teeth  of  the  ratchet-wheel  K.  Supposing  the  wheel  DD  ba 
turn  once  round  in  twelve  houis,  which  it  is  usually  calculated 
to  do  in  the  best  time-pirces,  then  will  sixteen  luma  of  ths 
catgut  on  tlie  bairel  C.  (fig.  1,)  suffice  to  keep  the  dock  goi»^ 
eight  days. 

It  will  now  he  proper  to  explain  how  time  is  measured  hy 
the  motion  of  the  pendulum;  and  how  the  wheel  £,  upon  the 

ftxis  of  which  the  minute-hand  is  fi.ved,  makes  but  one  pccqiat 

^^BMvolution  in  an  hour.  The  vibrations  of  a  pendulum  are  pcr<- 
^^Hanneit  in  a  shorter  or  longer  time  in  proportion  to  the  length 
^^Ht  the  pendulum  itself.  A  pendulum  of  39)  inches  in  length 
^^r     16.— Vol.  I.  3  0 
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makes  3600  vibrations  in  an  hour ;  that  is,  each  vibration  is 
performed  in  a  second  of  time/  and  for  tUit  reason  it  is  called 
a  second  pendulum.  But  a  pendulum  of  9ff  inches  makes 
7^00  vibrations  in  an  hour,  or  two  vibrations  in  a  second  of 
time,  and  is  called  a  half  second  pendulum.  Hence,  in  con<^ 
structing  a  wheel  whose  revolution  must  be  performed  ia  a 
given  time,  the  time  of  the  vibrations  of  the  pendulum  which 
regulate  its  motion  must  be  considered.  Supposing  then,  that 
the  pendulum  y  B  makes  7,200  vibrations  in  an  hour,  let  us 
consider  how  the  wheel  £  shall  take  up  an  hour  in  making 
one  revolution.  This  entirely  depends  on  the  number  of  teera 
in  the  wheels  and  pinions.  If  the  swing  wheel  contains  30 
teeth,  it  will  turn  once  ro.und  in  the  time  that  the  pendulum 
makes  60  vibrations ;  for  at  every  turn  of  the  wheel,  the  same 
tooth  acts  once  on  the  pallet  i,  and  once  on  the  pallet  K| 
and  at  e^h  stroke  the  pendulum  makes  a  vibration;  tfaere^ 
fore,  as  the  wheel  has  30  teeth,  it  occasions  twice  30  vibra-* 
tions ;  consequently  this  wheel  must  perform  180  revolutions 
in  ai^hour;  because  60  vibrations,  which  it  occasions  at 
every  revolution,  are  contained  120  times  in  7,200,  the  num- 
ber of  vibrations  performed  by  the  pendulum  in  an  hour. 
Now  in  order  to  determine  the  number  of  teeth  for  the  wheels 
£F,  and  their  pinions  ef,  it  must  be  remarked,  that  one  revo 
lution  of  the  wheel  E  must  turn  the  pinion  e  as  many  times  as 
the  number  of  teeth  in  the  pinion  is  contaified  in  the  number 
of  teeth  in  the  wheel.  Thus,  if  the  wheel  E  contains  72  teeth, 
and  the  pinion  e  contains  6,  the  pinion  will  make  12  revolu* 
tions  in  the  time  that  the  wheel  makes  one^  for  each  tooth  of 
the  wheel  drives  forward  a  tooth  of  the  pinion ;  and  when  the 
6  teeth  of  the  pinion  are  moved,  a  complete  revolution  is  per- 
formed ;  but  the  wheel  E  has  by  that  time  only  advanced  6 
teeth,  and  has  still  66  to  advance  before  its  revolution  is  com- 
pleted, which  will  occasion  11  more  revolutions  of  the  pinion, 
for  the  same  reason,  the  wheel  F  having  60  teeth,  and  the 
pinion y  only  6,  the  pinion  will  make  the  10  revelations  while 
the  wheel  performs  one.  Now  the  wheel  F  being  turned  by 
the  pinion  e,  makes  12  revolutions  for  one  of  the  wheel  E; 
end  the  pinion  y*  makes  10  revolutions  for  one  of  the  wheel 
F;.  consequently,  the  pinion y'  performs  10  times  12,  or  120 
revolutions  in  the  time  the  wheel  E  performs  one.  But 
the  wheel  O,  which  is  turned  by  the  pinion  f,  occasions  60 
▼ibrations  in  the  pendulum  each  time  it  turns  round;  con- 
sequently, the  wheel  O  occasions  60  times  120,  or  7,200 
vibrations  of  the  pendulum  while  the  wheel  E  performs 
one  revolution;  bui  7,200  is  the  number  of  vibrations  made 
by.  the  pendulum  in  an  hour,  c^nd  consequently  the  wheel 
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B  performs  but  one  revolution   in  an  hour;  and  bo  of  the 
rest     ■ 

From  this  reasoning  it  is  easy  to  discover  how  a  clock  may 
be  made  to  go  for  any  length  of  time  without  being  wound 
up:  I,  by  increasing  the  number  of  teeth  in  the  wheels;  2, 
by  diminishing  the  number  of  teeth  in  the  pinions;  3,  by  in-' 
creasing  the  length  of  the  cord  that  suspends  the  weight ;  and 
lastly,  by  adding  to  the  number  of  wheels  and  pinions:  but, 
in  proportion  as  the  time  is  augmented,  the  weight  must  be 
increased,  or  the  force  which  it  communicates  to  the  laat' 
\    eel  GH  will  be  diminished. 

With  respect  to  the  watch  part  of  the  movement  we  are 
considering,  it  only  remains  to  take  notice  of  the  number  of' 
teeth  in  the  wheels  which  turn  the  hour  and  mintite  hands.— 
The  wheel  E  performs  one  revolution  in  an  hour;  the  wheel 
NN,  which  is  turned  by  the  axis  of  the  wheel  E,  must  like- 
wise make  only  one  revolution  in  the  Eame  time;  and  the' 
minute  hand  is  Rxed  to  the  socket  or  tube  of  this  whe^^ 
which  is  fitted  pretty  tight  upon  the  axis  c  of  the  wheel  E,  and; 
being  thus  carried  round  only  by  friction,  the  hand  may  bo' 
moved  round  without  affecting  the  wheels  between  the  braaa 
plates.  The  wheel  N  has  30  teeth,  and  acts  upon  the  wheal 
O,  which  has  likewise  30  teeth,  and  the  same  diameter ;  con- 
sequently the  wheel  O  takes  an  hour  to  a  revolution;  now. 
the  wheel  O  carries  the  pinion  p,  which  has  six  leaves,  and': 
which  acts  upon  the  wheel  gg  of  72  teeth ;  consequently 
the  pinion  p  makes  12  revolutions  while  the  wheel  gg  makei' 
one;  of  course  the  wheel  gg  takes  twelve  hours  to  one 
revolution,  and  upon  the  barrel  of  this  wheel  the  hou 
is  fixed. 

Most  of  the  wheels  belonging  to  the  striking  part, ; 
as  most  of  those  belonging  to  the  going  part,  are  iu 
between  the  brass  plates  SS,  TT,  seen  edgeways  in  fig.  1;  the 
reason  of  their  being  omitted  in  that  figure,  is  to  avoid  con- 
fusion; but  a  projection  of  the  whole  oi  the  wheels  between 
the  plates,  as  ihey  would  be  seen  if  the  brass  plate  SS  wa«"' 
removed,  is  shewn  by  fig.  2. 

Fig.  3.  shews  so  much  of  the  mechanism  of  the  striking 
part  us  is  contained  between  the  brass  plate  SS  and  the  diaC> 
plate.  The  numbers  annexed  to  the  different  wheels  denote' 
the  number  of  teeth  they  contain-  ' 

The  striking  part  now  more  particularly  requires  out  attenw 
tion.  In  fig.  2,  h  is  the  great  wheel  of  this  part,  with,  a  bu^^ 
rel  and  click  the  same  as  D ;  it  turns  a  pinion  of  eighty  vu 
the  same  arbor  with  which  pinion  is  the  wheel  i,  turniiig  a 
pinion  of  eight  on  the  arbor  of  the  wheel  k  of  48  teeth.     Tht 
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wheel  k  tuns  another  pimon  o£  eight,  Ofi  the  s^oe  arbor  with 
the  wheel  t  of  48,  and  this  last  wheel  turns  a  pinion,  of  6^ . 
on  the  axiei  of  which  is  a  broad  fli^t  f^iece  of  met^l,  palled  the 
fty,  seen  edgeways  at  $.  Thi^  fly  strikes  thei  air  with  so  lar^ 
a  surface,  that  the  resistance  it  experiences  prevents  the  tram, 
of  wheels  from  going  too  fast.  The  wheel  t  has  eight  pina 
projecting  from  it;  these  pina  raise  the  tail  of  the  hammer  Iq 
succession,  aa  the  rotation  of  the  wheel  brings  them  to  it; 
the  hammer  is  returned  violently  whei^  the  pins  leave  its  tail« 
by  a  spring  z,  pressing  on  the  end  of  a  pin  through  its  arbor, 
and  strikes  the  bell  x:  u  is  a  short  spring  which  tiie  end  of  a 
pin  through  the  arbor  touches,  just  before  the  hammer  strikes 
the  belU  and  its  use  is  to  lift  the  hammer  off  the  bell  the  in* 
stant  it  has  struck,  that  it  may  not  stop  the  sound.  The 
eighth  pin  in  the  wheel  i,  which  is  called  the  pin-wheel,  must 
pass  by  the  hammer-tail  78  times  in  striking  the  12  hours;  78 
being  the  number  of  strokes  the  bell  receives  during  that  timd. 
Aa  the  pinion'  of  the  wheel  i,  has  eight  leaves,  each  leaf  of  the 
pinion  answers  to  one  of  the  pins;  and  as  the  wheel  A  has  78 
teeth,  it  will  turn  once  in  12  hours,  like  the  great  wheel  D  of 
the  watch  part.  In  the  pin-wheel  t,  eight  teeth  correspond  to 
one  of  the  pins  for  the  hammer,  and  as  the  pinion  of  the  wheel 
k  has  eight  teeth,  the  wheel  k  wWl  turn  once  for  each  stroke  of 
the  hammer.  Then,  as  the  pinion  of  the  wheel  t  turns  6  times 
for  the  wheel  Jb  once,  and  toe  pinion  of  the  fly  turns  8  times 
for  the  wheel  /  once,  6x8:^:48,  the  number  of  turns  made  by 
the  fly  for  one  stroke  of  the  hammer* 

In  fig.  3,  r  is  a  small  pinion  of  one  tooth  called  the  gathe^n 
ing^  pallet ;  it  is  fixed  on  the  arbor  of  th^  wheel  k,  (fig.  2,) 
whicn  arbor  comes  through  the  brass  plate  SS  (fig.'  1,)  for  the 
purpose ;  and  consequently,  like  the  wheel  k,  the  gathering 
pallet  turns  round  once  for  each  stroke  of  the  hammer;  s  is., 
a  segment  of  a  large  wheel,  tumqd  by  the  gathering  uallet» 
and  called  the  rack.  The  arm  a  is  attached  to  the  rack,  and 
the  end  of  it  rests  against  a  spiral  plate,  v,  called,  from  its 
form,  the  snail.  The  snail  is  fixed  on  the  same  tubular  arbor 
as  the  hour-hand  and  wheel  72,  and  tum^  rpund  with  it  Qi>pe 
in  12  hours.  Each  of  the  12  diviaiQUa  or  steps,  as  they  i|re 
oalled,  of  the  snail,  answers  to  an  hour;  the  circular  ar<Qi$ 
forming  their  circumference  are  aUuck  from  the  centre  qf 
the  arbor  with  a  difierent  radius,  deoreasipg  a  certain  quan^ 
tity  each  time,  in  the  order  of  the  house ;  and  each  step  is  an 
am  eqnal  to  the  twelfth  part  of  the  oiroamfere^c^  of  wnich  i^ 
is  a  part. 

Tne  oircvlar  part  of  the  rack  $  is  cut  into  teeth,  each  of 
which  is  of  sucn  a  length  that  every  step,  uppn  tb/s  amU- 
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answers  to  one  o.  them.  A  spring  w  preases  against  the  tail 
of  the  mck,  and  it?  use  is  to  throw  the  arm  a  of  the  rack 
against  the  snail.  The  click  g.  is  called  the  hawk's  bill;  it 
takes  into  the  teeth  of  the  rack,  and  holds  it  up  iu  opposition 
to  the  spring  ifi.  The  three-armed  detent,  b  k,  is  called  the  ' 
warning  piece ;  the  anh  k  is  bt>iit  at  its  end,  and  passes  through 
a  hole  in  the  plate  SS  of  the  frame,  so  as  to  catch  a  pin  fixed  , 
in  one  of  the  arms  of  the  wheel  (,  fig,  2,  and  which  pin  de- 
scribes the  dotted  circle  in  ft^.  3;  the  other  arm  b,  stands  so 
as  to  fall  in  the  way  of  a  pin  in  the  wheel  0,  of  30  teeth.  In 
the  present  position  of  the  figure,  the  wheels  of  the  striking 
train  are  in  motion,  and  would  conthme  turning  until  the  ga- 
thering pallet  r,  which,  as  before  observed,  turns  once  at  each 
Btroke  of  the  hammer,  lifts  the  racks,  in  opposition  to  the 
epring  w,  one  tooth  each  turn,  and  the  hawk's  bill  g  retains 
the  rack,  until  a  pin  in  the  end  of  the  rack  is  brouglit  in  tlie 
way  of  the  lever  of  the  gatherino;  pallet  r,  and  stops  the  wlieels 
from  turning  any  farther:  it  is  m  this  position,  with  the  ract 
wound  up,  that  we  shall  begin  to  describe  the  operation  of  the 
striking  of  the  clock. — The  wheel  O,  as  just  observed,  turns 
once  in  an  hour,  and  consequently  at  the  expiration  of«very 
hour,  the  pin  in  it  takes  the  end  b,  and  moves  it  towards  the 
Bpring  near  it ;  this  depresses  the  end  A*,  until  it  falls  into  the 
circle  of  the  motion  of  the  pin  in  the  wheel  t,  fig.  2,  at  tie 
flame  time  the  short  tail  depresses  one  end  of  the  hawk's  bill, 
and  raises  the  other  g,  so  as  to  clear  the  teeth  of  the  rack  j; 
immediately  the  spring  w  throws  the  rack  hack,  until  the  end 
of  its  arm  a  rests  against  the  snail.  When  the  rack  falls  bai;k, 
the  pin  in  it  is  moved  clear  of  the  gathering  pallet  r,  and  the. 
wheels  are  set  at  liberty ;  the  maintaining  power  or  welt  lit  puts 
them  in  motion,  bnt  m  a  very  short  time  before  the  hammer 
has  struck,  the  pin  in  the  wheel  ( fails  against  the  end  k,  and 
stops  the  whole:  this  operation  happens  a  few  minutes  before 
the  clock  strikes,  and  the  noise  of  the  wheels  turning  is  called 
the  warning.  When  the  hour  is  expired,  the  wheel  0  had 
turned  so  far  as  to  allow  the  end  of  the  arm  b  to  slip  over  its 
pin,  tis  in  the  figure ;  the  small  spring  pressing  against  it  raises 
the  end  /;  so  as  to  be  within  thexircle  of  the  pin  in  the  wheel 
/,  fig.  2 :  every  obstacle  is  now  removed  ;  the  pin-wheel  i,  fig.  2, 
raises  tJie  hammer  p,  and  it  strikes  the  bell;  the  gatherini-  pal- 
let r  takes  up  the  rack,  a  tooth  at  each  turn ;  the  hawk's  nill  g 
retaining  it  until  the  pin  in  the  rack  comes  under  the  gather- 
ing pallet  r,  and  stops  the  motion  of  the  train,  till  the  nin  in 
ifafi  wheel  O,  at  the  next  hour,  takes  the  warning  piece  b  k,  and 
■e  whole  operation  is  repeated. 
^As  the  gKth<ering  pallet  turns  once  for  each  blow  of  the 
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hammer,  and  it  gathers  up  one  tooth  of  the  rack  at  each  turn, 
it  is  evident  that  the  numoer  of  teeth  the  rack  can  fall  back» 
is  the  number  of  strokes  the  hammer  will  make.  It  is  obvious 
also,  from  the  form  of  the  snail,  a  fresh  step  of  which  is  turned 
to  the  end  of  the  arm  a  of  the  rack  every  hour,  that  the 
rack  must  fall  back  differently  each  time  at  the  end  of  that 
period,  and  as  each  step  of  the  snail  answers  to  one  tooth  of 
the  rack,  and  each  tooth  of  the  rack  to  one  stroke  of  the  ham- 
mer, the  number  of  strokes  is  increased,  one  at  a  time,  from 
one  to  twelve. 

As  nothing  affects  the  position  of  the  snail  but  the  motion 
of  the  wheel  g,  upon  the  axis  of  which  it  is  affixed,  and 
as  the  step  upon  which  the  arm  a,  fig.  3,  of  the  rack  rested, 
while  anjr  civen  hour  was  struck,  still  remains  to  be  the  step 
upon  which  it  rests  till  the  next  has  arrived;  so,  if  in  any 
part  of  the  interval  between  the  striking  of  the  given  hour, 
and  the  warning  of  the  next,  any  contrivance  be  adopted  to 
move  the  arm  6  of  the  detent,  as  much  as  it  is  moved  in  the 
regular  period  by  the  pin  in  the  wheel  O,  the  hour  which  was 
last  struck  will  be  struck  over  again,  or,  according  to  the 
usual  expression,  the  hour  will  be  repeated ;  and  yet  all  the 
subsequent  hours  will  be  struck  with  the  same  precision,  aft 
if  the  mechanism  had  not  been  touclfed.  A  slender  cord,  for 
instance,  attached  to  the  arm  .6,  will  be  quite  sufficient. to 
effect  the  purpose,  and  might  be  conveyed  through  the  side 
of  the  clock  to  the  bedside,  by  which  means  a  person  may 
easily  ascertain,  during  the  night,  the  last  hour  which  the 
clock  has  struck. 

It  will  also  probably  be  understood,  that  as  the  snail  accom^* 
•panies  the  wheel  g,  fig.  1,  on  the  end  of  the  hollow  axis  of 
which  the  hour  hand  is  fixed,  and  as  g,  through  the  medium 
of  the  pinion  p,  and  the  wheel  O,  derives  its  motion  from  the 
wheel  rf,  the  hollow  axis  of  which,  carrying  at  r  the  minute 
hand,  fits  tightly,  but  is  not  immoveably  fixed,  upon  the  arbor 
c;  so,  if  the  time  of  the  clock  be  rectified  by  pushing  forward 
the  hands,  the  clock  part  will  undergo  corresponding  changes^ 
-  and  strike  each  hour  passed  over,  although  the  wheels  of  the 
watch  part,  between  the  brass  plates,  are  not  affected  by  the 
operation. 

"  Clocks  intended  to  keep  time  with  the  greatest  nicqty,  are 
generally  contrived  so  as  to  go  while  they  are  wound  up.  For 
ttiis  purpose^asecond  larger  ratchet-wheel  is  added  on  the  same 
arbor  with  that  which  admits  the  clock  to  be  wound  up,  but 
with  teeth  pointing  the  contrary  way ;  a  strong  spring,  usually 
the  greatest  portion  of  a  circle,  connects  thislarge  ratchet-wheel 
with  the  great  wheel  of  the  clock  which  is  on  the  same  atzis 


with  it;  one  end  of  this  spring  being  attached  to  the  greai 
wheel,  and  the  other  end  to  the  large  ratchet;  and  %  catch, 
proceeds  from  the  inner  face  of  the  back-plate  to  the  teeth  of 
this  ratchet,  which  prevents  its  moving  back  when  the  clock 
la  winding  up,  and  serves  as  a  support  for  the  re-action  of  th« 
maintaining  spring.  When  the  clock  is  left  to  tlie  operation 
of  the  weight,  the  small  ratchet  turns  round  the  large  oiie.  and: 
contracts  or  coils  up  the  spring  till  it  has  strength  sutGcit^nl  to 
inipe!  the  great  wheel  and  train ;  and  when  the  action  of  the 
weight  is  suspended  as  in  winding  up,  the  spring,  freed  from. 
the  contracting  |iower  of  the  weight,  expands  itself,  and  forces 
round  the  great  wheel;  its  action  on  the  contrary  direction 
on  the  great  ratchet  being  prevented  by  the  catch  before 
mentioned. 

Clocks  which  have  pendulums  vibrating  balf  seconds,  fre- 
quently have  a  spring  instead  of  a  weight  for  the  maintaining 
power.  This  spring  consists  of  a  long  fiat  piece  of  steeli 
coiled  np  in  a  spiral  form ;  it  is  inclosed  in  a  cylindrical  box, 
to  which  its  external  extremity  is  attached,  while  its  internal 
end  is  connected  with  a  fixed  axis,  round  which  the  spring  ■ 
box  revolves.  As  the  strength  of  the  spring  is  greater  tha 
more  it  is  coiled  up  by  turning  round  the  box,  its  action  would, 
be  unequal  in  impelling  the  work  of  the  clock ;  and  to  remedy 
this  inconvenience,  the  fusee  wheel,  of  the  same  construction 
as  in  watches,  is  adopted.  The  manner  in  which  the  fuse* 
regulates  the  action  of  the  spring,  has  been  explained  in  page 
310,  and  illustrated  by  a  figure.  If,  instead  of  the  barrel  G, 
fig.  1,  a  fusee  wheel  or  pulley  be  supposed  to  be  substituted, 
and  tile  spiral  spring,  inclosed  in  its  cylindrical  barrel,  be 
added  immediately  below  it,  with  a  catgut  to  connect  the  fuae«t 
and  barrel  of  the  spring,  a  good  idea  will  be  obtained  of  a 
Eipring  clock,  for  in  other  respects  the  work  is  the  same. 

Made  of  dividing  the  drcumftrencei  oj'  Circles. 

Very  uncommon  and  odd  numbers  of  teeth  are  sometimes 
required  for  the  wheels  of  astronomical  clocks,  orreries.  &o. 
such  as  the  plate  of  no  common  engine  used  by  clockraakers 
"  for  cutting  the  teeth  of  their  wheels,  ia  the  common  routine  i 
of  their  business,  is  calculated  for:  the  follosving  directions 
are  given,  for  the  purpose  of  shewing  how  to  divide  a  circle 
into  any  given  odd  number  of  equal  parts,  so  that  tlie  nuiik> 
bet  may  be  laid  down  upon  the  dividing  plate  of  a  cutting 
engine.  ,  ,   i 

With  respect  to  the  division  of  a  circle  Into  any  even  oumo- 
be^  of  equal  pacts,  no  difficulty  can  arise  ;  and  H  thia  b#  ef»y* 
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the  divisian  olf  ahy  ^iven  pdrtion  of  a  circle  into  any  number 
of  equtfl  parts  is  not  lees  so.  A  little  consideraUon  will  shew 
that  this  leads  •os.to  a  eolution  of  our  ^fficulty.  There  it 
no  odd  number,  but,  if  a  certain  namber  be  subtracted  fron 
it,  an  even  namber,  of  easy  subdivision,  will  remain.  Sup- 
posing the  number  of  equal  divisions  wanted  to  be  69,  SUD* 
ti*act  9,  and  dO  will  remain ;  then,  as  every  circle  is  supposed 
to  contain  360  degrees,  say,  as  the  desired  number  or  equal 
parts  in  the  circle,  which  is  69,  is  to  360  degrees,  so  are  9 
partis  to  the  corresponding  arc  of  the  circle  that  will  central 
them;  which  arc,  t>y  the  rule  of  three,  will  be  found  to  be 
46.95.  Therefore,  by  the  line  of  chords  on  a  common  scmleb 
or  rather  with  a  sector^  set  off  46.95  (or  46.9)  degrees  with  a 
pair  of  compasses,  on  the  circumference  of  the  circle^  end 
divide  that  arc,^r  portion  of  a  circle  into  9  eoual  parts,  and 
the  rest  of  the  circle  into  60;  so  will  the  whole  be  divided  into 
69  equal  parts. 

It  18  obviously  not  necessary  to  take  off  so  many  parte  aa 
nine,  in  order  to  leave  a  convement  number  for  subdivision; 
but  this  advantage  attends  takineoff  a  considerable  number 
of  degrees  from  a  scale,  particularfy  when  they  are  taken  from 
the  scale  of  chords  of  a  common  rule,  that  they  are  in  general 
less  liable  to  be  taken  off  inaccurately  than  a  few  degrees. 
The  following  example  is  proper  when  the  scale  intended  te 
he  used  is  a  good  one :  suppose  it  is  required  to  divide  the  cir- 
cumference of  a  circle  into  83  equal  parts,  subtract  3,  and  88 
^U  remain;  Aen,  as  83  are  to  360  degrees,  so,  by  the  rule  of 

Jropoition,  aie  three  part^  to  13.01  degree^.  The  small  fractioa 
ere  brought  out  may  be  neglected ;  therefore,  by  the  line  of 
«^ords  or  sector,  as  oefore,  with  a  pair  of  finely  pointed  com^ 
passes,  set  off  13  degrees  on  the  circumference  of  the  drolec:; 
aivide  the  arc  thus  set  off  into  three  parts,  and  the  rematadnr 
of  the  circle  into  80,  and  the  work  will  be  done. 

Again,  suppose  it  is  required  to  divide  a  given  circle  into 
365  equal  qarts,  subtract  5,  and  360  will  remain ;  then,  as  365 
^arts  are  to  360  degrees,  so  are  5 parts  to  4.93  degrees;  there- 
fore set  off  4.93  (or  4«9)  degnees  by  the  scale ;  divide  that 
•space  into  6  equnl  part8,.and  the  rest  of  the  circle  into  S6O4 
the  whole  witl  then  be  divided  into  365^  the  desired  numbtf 
t>f  equal  parts. 

Any  person  accustomed  to  the  use  of  a  pair  of  compassee^ 
and  to  the  eoale  or  sector,  may  Tory  easily,  oy  a  little  practice. 
4ake  off  degre66|  and  fractional  parts  of  a  aegree^iwithcgreeft 
facility  by  the  accuracy  of  his  eye.  ^  . 

A  few  remarks  with  respect  to  the  sector,  with  arhWh  a 
caee  of  matlieniatfcal  tnatrcnnente  t«  always  farqishc^  may  kb 


iiSBful  to  some.  The  eector  is  made  to  fold  in  tlie  middle,  not 
only  that  it  may  lie  in  a  smaller  compass,  but  to  solve  oitMf 
probleJtiH  by  mean»  of  the  references  given  to  ranoua  taibles 
nnd  scales  tliat  are  engraved  on  both  sides  of  each  limb.  Whea 
opened  to  its  full  length,  it  commonly  measures  one  foot,  eac^ 
inch  being  numbered  and  divided  into  tenths.  At  tlie  edge  it 
another  scale,  which  divi^a  the  foot  into  tea  enual  parts,  and 
each  tenth  part  of  the  foot  is  again  subdivided  into  ten ;  tJiut 
giving  a  division  of  th«  12  inches  into  100  equal  parts.  But 
the  ftrst  scale  which  we  have  to  notice  as  usefui  in  dividing 
circles,  ia  that  next  to  the  inner  edges,  marked  J'u/.  for  polyl 
gon.  By  openinw  the  sector  to  such  s  width  as  may  admit 
the  nidius  of  any  circle  to  measure  encetly  from  the  figure  6 
on  one  limb,  to  the  figure  6  on  the  other,  we  at  once  ascertain 
the  division  of  that  circle's  circumference  into  any  number 
of  equal  parts,  from  four  to  twelve;   because  from  the  figure  4 


ing  a  qua- 


to  the  opposite  figure  4  will  give  a  chord  subtending 
drant  of  tile  circle;  from  5  to  5  will  give  the  side  of  a  regular 
pentagon,  or  divide  the  circumference  of  the  circle  into  fi« 
parts;  from  6  to  6  into  six  parts;  and  so  on.  Two  equal  lines 
of  chorda  marked  with  (lie  letter  C,  are  inclined  to  each  other, 
and  meet  at  the  centre  of  the  joint  of  the  instrument.  To  set 
off  any  number  of  degrees  on  the  circumference  of  any  circle^ 
the  radius  of  which  does  not  exceed  the  length  of  both  these 
lines  together,  open  the  sector  till  the  distance  between  the  60  th 
degree  on  each  scale  of  chords,  is  exactly  equal  to  the  radiut 
of  the  circle  to  be  divided  ;  then  from  60  to  50  will  give  an 
evtent  of  60  degrees  for  the  same  circle;  from  80  to  30  an 
extent  of  30  degrees ;  and  so  on  for  any  other  number. 

Of' proportioning  the  Diameters  of'  Wheels  and  Pinions. 

The  due  proportioning  of  wheels  and  pinions  is  an  importaat 
object  in  all  kinds  of  wheel-work,  but  especially  iu  clock- 
making,  where,  unless  the  respective  sizes  be  properly  adjust^- 
ed,  the  transmission  of  the  maintaining  power,  and  communi*- 
cation  of  motion,  will  be  unequable,  and  the  mechanism  liable 
o  rapid  destruction.  The  subject  has  on  these  accounts  eit- 
gaged  mifth  of  the  attention  of  writers  on  clock-work ;  but 
practical  men  are  not  yet  agreed  in  the  observance  of  any  in- 
variable rule.  The  usual  mode  of  proportioning  wheels  a.ni  • 
pinions,  is,  first  to  make  both  a  little  too  big  for  the  proposed 
calliper,  and  then,  having  rounded  all  the  teeth  of  tlie  pitiioilt 
and  a  few  of  the  teeth  of  the  wheel,  they  gradually  diminish 
the  latter  in  the  latlie,  until,  by  successive  trials  in  the  clock- 
frame,  they  are  found  to  act  at  a  proper  depth,  when  placed 
is  the  pivot  holes  previously  made.   Tlus  practice  is  titremely 
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objectionable^  as  it  loses  much  time,  and  leaves  to  the  discfe- 
tion  of  the  workman  the  detennination  of  the  very  matter  in 
which  he  is  most  apt  to  err;  accordingly,  he  will  at  different 
times  differ  from  himself,  and  almost  to  a  certainty  from  other 
workmen.  We  shall  therefore  advert  to  the  directions  of  the 
best  authorities  on  this  subject,  any  of  which  may  be  followed 
in  preference  to  the  common  practice,  which  has  so  intimate 
a  connection  with  caprice. 

If  the  teeth  were  intended  to  be  rounded  in  a  circular  shaoe 
3yhich  is,  however,  by  no  means  to  be  recommended,  the  pitch- 
line  would  be  considered  as  at  one-half  of  the  breadth  of  the 
tooth  from  the  ektreme  edge ;  but  if  they  be  rounded  in  an 
epicycloidal,  or,  as  the  workmen  call  it,  the  bay-leaf  form, 
Hatton  found,  by  numerous  experiments,  that  the  depth,  or 
distance  of  the  pitch-line  from  the  circumference,  will  gene- 
rally be  three-quarters  of  the  breadth  of  the  tooth  in  any  wheel 
or  pinion  ;^na  as  the  epicycloidal  shape  is  the  best  for  the 
regular  transmission  of  force  and  velocity,  it  is  well  entitled 
to  be  generally  adopted  in  practice.  If  then  we  suppose  the 
teeth,  and  the  spaces  between  them,  to  be  reciprocally  equal, 
which  they  usually  are  in  clock-work,  we  shall  have  the.  true 
acting  diameter  of'^any  wheel  or  pinion  greater  than  the  dia^ 
meter  to  the  pitch-line,  (which  is  sometimes  called  the  geo- 
metrical, and  sometimes  the  primitive  diameter,)  by  |  of  a  tooth 
br  space  on  each  side  of  the  centre,  or  1^  in  the  whole  diame- 
ter. A  tooth  or  space  may  be  called  a  measure,. and  it  is  ob- 
vious that  there  must  in  any  wheel  be  twice  as  many  measures 
as  teeth.  These  measures  of  the  circumference  may  be  re- 
duced into  measures  of  the  diameter  by  the  usual  ratio,  of 
3.1416  :  1,  and  then,  if  IJ  be  added  to  such  geometrical  mea- 
sures of  the  diameter,  we  shall  have  the  proper  acting  diame- 
ter, u  hich  may  be  expressed  in  inches  and  parts,  when  the 
number  of  measures  in  the  inch  are  known.  For  instance, 
let  a  wheel  and  its  pinion,  -f^,  be  taken  at  12  teeth  per  inch  at 
the  pitchrline ;  the  number  of  measures  of  the  wheel  is  twice 
96,  or  192,  each  measuring  ^th  of  an' inch;  then,  as  3.1416: 
1::  192:61.1;  therefore,  if  to  the  geometrical  diameter  ex- 
pressed by  61.1  measures,  there-  be  added  1.5,  the  sum  62.6, 
-or  62^2r,  will  be  the  acting. diameter  in  the  same  denpmiuatioii, 
Ivhich  are  so  many  24th  parts  of  an  inch ;  but  62.64-24,  givein 
2.6  inches  for  the  full  acting  diameter  of  the  wheel  in  ques- 
tion. With  respect  to  the  pinion  of  8,  ^hich  has  of  course 
.16  similar  measures  in  its  circumference,  by  the  same  propor- 
tion the  diameter  will  be  5.09  measures;  to  which  it  1»5  be 
ddd^d,  the  acting  diameter  will  be  $.09+1.5=:6^oc  with 
f^oieut  accura/Qy  6tfo>hic|i  ,4^^id^4^)2a;^:Afl  hii^%^\frf^ 
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give  -^^s  of  an  inch  or  somewhat  more  tban  a  quarter  for  the 
acting  diameter  of  the  pinion. 

The  following  table,  whrcli  may  be  considered  sufficiently 
accurate  for  practice,  agrees  very  nearly  with  the  experimenta 
for  determining  the  proper  sizes  of  wheels  and  pinions,  by 
Berthoud,  an  author  of  tlie  first  estimation  on  these  subjects. 
It  is  calculated  ou  the  suppositioa  that  the  teeth  are  epicy- 
cloidal,  and  that  the  circumfereace  is  to  the  diameter  as  3 :  1, 
instead  of  3. 1416:  I. 


Table  of  the  Practical  Sizes  of  Pinions. 


I 

To  EtBte  the  manner  in  which  this  table  ia  constructed,  will 
enable  any  person  to  continue  it  as  far  ns  he  pleases.  It  !• 
simply  this  :  multiply  the  number  of  the  lt;aTes  in  the  pinioa 
by  2,  for  the  measures  in  the  circumference,  divide  by  3  for 
the  diameter,  and  add  thereto  IJ  for  the  acting  size-  Thus, 
suppose  the  diameter  of  a  pinion  of  0  leaves  be  required: 
9x2=18,  and  18-i-3=6,  and  6  +  1^— 7.5.  or  7i,  which  lait 
y,  taken  by  the  callipers  across  the  extreme  edge  of 

:  wheel,  (the  teeth  of  which  are  suppoied  to  be  cut,  buj  i 
not  rounded)  will  be  3J  teeth  and  4  spaces,  or  4  teeth  an^  ' 
3i  spaces.  E 

Perhaps  some  mechanists,  not  acquainted  with  decimal 
arithmetic,  may  wish  for  still  plainer  directions.  On  this  aff 
count,  and  to  shew  the  agreement  of  Berthoud's  jiracticaldirec 
tions  with  the  rule  just  laid  down,  we  shall  recite  tlie  method 
cf  aisiag  pinions  practiai^  And  recotnmendcd  by  hiiDiVu      .'. 


quantity, 
the  wheel 
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^^^^  mfhil  or  acting  Diiaaetar  of  the  PlaHm. 

^=:t\to  (ull  teeth  of  the;  wheel,  unrounded^  and  the 
spfiee  i bet«r/eeii'  them. 

5j::^thf ee.  teetli  vounded  froia  point  to>  point. 

Sc^three  fnU^teetb,  unroundea. 

7=:three  full  teeth,  .and  a  quarter  of  a  space  beyond. 

Scfouff  Heetiu^  rounded  from  noint  to>  point. 

9=8omewhat  less  than  four  lull  teeth. 
10= four  full  teeth. 
11,    no  measure  given. 
12= five  fall  te«H. 
13,   no  measure  given. 
14=1  six- teetb»  nounded  from  point  to  point. 
15= six  full  teeth. 

It  may  be  proper  to  observe,  that  the  refativfe;  size  of  a 
well-proportioned  pinion  miist  be  somewhat  less  for  a  small 
wheel  than  for  a  large  one,  and  also  smaller  when  driven  than 
when  it  is  the  driver.  Pennington,  of  Camberwell^  the  inge- 
nious artist  who  constructed  Mudge's  time-piece,  adopts  the 
practice  of  adding  2|  measures  of  the  geometrical  diameter 
to  the  wheeU  and  IJ  to  the  pinion,  in  watch-woik,  when 
the  wheel  ia  the  driver;  and  l-^^  to  each  when  the  pinion  is 
the  driver. 

When  the  distance  is  given  between  the  centres  of  two 
wheels,  uneaual  in  the  number  of  their  teeth,  but  intended  to 
turn  each  otner,  their  respective  diameters  may  be  determined 
by  the  following  rule:  as  the  distance  between  the  centres  of 
the  wheels  is  equal  to  the  sum  of  both  their  geometrical  radii, 
(that  is,  their  rttdii  to  the  pitch-ltbes,  or  the  radii  which  they 
would  have  if  th^y  were  merely  two  cylindrical  rollers,  one  of 
which  turned  the  other,)  theretbre  say,  as  tlie  sum  of  the  num- 
ber of  teethf  ih«  botb  wheels  i»  to  the  distance  between  dielr 
centres,  taken- in'  any  kind  of  tneasure-,  as  feet,  incbes>  dr  parts 
of  on  indh,  9o  is  tbe  number  of  teeth  in  either  of  the  wheelfai  to 
the  radiu9  oc  semi-dikmeter  of  that  wheel;  taken  in  thelikie 
measitre,  (Ma  its  cefatre  to-  the  piteh-line.  'thus,  suppose  we 
reqnrf^  two  vtrheels,  .of  such  a  slae  that  the  distanee  between 
their  centres  ishaB!  htf^e  ihchi^s,  and  that  one  of  tliem  is  to 
have  75  teeth,  and  the  other  33 ;  the  sum  of  the  teeth  in  thenf 
both  is^  106-*'  tU^i^fbM^  IMS  t09  teeth  are  to*  fite  inches,  so  are 
75  teieib  tf^  3.47"  incH^ft>$  and' as  lOBare  to  5;  &o  is33  to  1.62 
incb4»;  a^  MMt  fltoitt  the  eetiitt^  ofdiie  vi4ieel  of  75  teetih  to  its 

Siteh-iline  is  3l47iiti(iBes;  and  from  the  centre  of  Ihe  wfieel  of 
3  t^fEk4<)itH«^it«kaHM{«i  1.69 laches. 
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With  respect  to  the  beit  fortne  for  thete<eth  of  clook-^work^ 
the  sttlijecl  has  been  discussed  at  length  ici  treating  of  S'lilir 
work,  and  tk  reference  to  that  article  (vilt  fbmler  any  furtUel! 
notii:e  of  il  here  uii necessary,  as  tlie  s&me  principles  are  appIL-4 
cable  to  both  large  aud  email  niachioery.  We  may  also, obi 
serve,  that  tlie  eraiiig  of  wheeU,  which  was  hardly  oQtioe4 
under  Mill-iwork,  will  be  completed  by  what  has  now  bee4 
said  with  regard  (0  that  particular.  t 

Of  the  Pendulum. 

A  pendttl  tim  is  any  heavy  body  ro  Gueneudod  ith&it  it  may  swiDg} 
badkwarda  and  fbrnards,  about  some  nxed  pt)iat,  by  Ithe  foroA  ! 
of  gravity.  A  body  thus  suspended  necesstrily  deacribeS  an  anc,    ' 
io  oiue  half  of  which  Jt  descends,  and  ascends  in  the  otljcr-      , 

Euch  Kwing  which  a  peudolum  makes  lis  called  a  i;i/f/-a/jo% 
or  oncillutimt.  i 

PC,  fig.  4,  pi.  VT,  is  a  pendulum  consisting  of  a  body  P, 
attached  by  a  cord  PC.  which  is  fastened  to  and  movcablet 
about  UiB  point  C,  If  the  body  P  was  not  reta.iQed  by  th» 
cord,  it  would  descend  in  the  vertical  line  PL,  but  as  the  cord 
prevents  ita  falling  in  thia  manner,  it  describes  the  arc  PA, 
which  is  the  segoient  of  &  circle  of  which  PC  ia  the  radiui* 
The  velocity  acquired  by  the  body  P  in  falling  through  tb« 
arc  PA^  has  a  tendency,  when  it  arrives  at  the  point  A.  ttf 
carry  it  off  in  the  tangent  AD,  but  the  cord  continually  drawi 
ing  it  towards  the  centre,  it  rises  and  describes  the  arc  AG.- 
Having  arrived  at  E,  it  will  fall  back  again,  and  the  veloci^, 
acquired  in  thus  falling  back  will  carry  it  towards  P ;  and  this 
backward  and  forward  motion  will  be  continued  tilt  i(  is  over-i 
come  by  the  Joint  effects  of  the  resistance  of  the  air,  the  fricH 
tiou  at  tlie  point  of  suspension,  and  the  force  of  graritatioaj 
by  which  the  body  P  is  attracted  to  the  centre  of  the  earth, 
in  a  direction  perpendicular  to  the  horizon.  These  causes  ol; 
obstruction  lessen  the  ranee  of  the  pendulam  at  each  vibra- 
tion, and  therefore  inevitably  cause  it  to  atop  in  a  longer  ot 
shorter  time  according  to  their  intensity. 

The  nature  of  a  pendulum  consists  in  the  following  pEU-tici»^ 
lars:  1.  The  times  of  the  vibrations  oi  a  peadulmn  in  very 
small  arches,  are  all  equal.  2.  The  velocity  of  the  ball  or  , 
bob,  in  ,the  lowest  point,  will  be  nearly  as  the  length  of  Uw 
chord  of  the  arch  which  it  describes  in  the  deacent.  3.  Thft 
tinicH  of  vibration  in  different  pendulums,  at  the  same  part  of 
the  earth,  are  as  the  square  roots  of  the  times  of  their  vibr«/> 
tions.  4.  The  time  of  one  vibration  is  to  tlie  time  of  Um 
descent,  through  half  the  length  of  the  pendulum,  as  iJie  cir' 
cumfereoce  of  a  circle  lo  its  diameter.    5.  Whence  the  lengdl  , 
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of  a  pendulufii  yibrating  seconds^  is  found  to  be  392  inches 
nearly ;  that  of  a  half*second  pendulum  9.8  inches ;  and  one 
for  quarter-seconds  2.46  inches.  6.  A  uniform  homoeeneoas 
body#  BG,  fig.  6/asia  rod,  staff,  &c.  which'is  one-third  longer 
than  a  pendulum,  GP,  fig.  4,  will  vibrate  in  the  same  time 
with  it.  From  these  properties  of  the  pendulum  may  be  de- 
duced its  utility  as  a  regulator  of  time,  for  which  purpose  it 
far  exceeds  every  contrivance  yet  discovered. 

When  pendulums  were  first  applied  to  clocks,  they  were 
made  very  short ;  and  the  arches  pf  the  circle  being  large,  the 
time  of  vibration  through  different  arches  was  therefore  un- 
equal. To  remedy  this  defect,  the  pendulum  was  contrived  to 
viorate  in  a  cycloid,  by  suspending  it  between  two  cycloidal 
cheeks.  A  thread,  or  some  verv  pliable  material,  formed  the 
upper  part  of  the  pendulum,  and  folded  alternately  upon  these 
cneeks.  The  property  of  the  cycloidal  curve  is,  that  a  body 
vibrating  in  it  will  describe  all  its  arches,  whether  great  or 
small,  in  equal  times ;  the  theory  is  therefore  good,  but  the 
practical  application  of  it  to  the  motion  of  the  pendulum,  is 
so  imperfect,  that  cycloidal  cheeks  are  entirely  disused.  In 
clocks  for  astronomical  purposes,  the  arc  of  vibration  must  be 
accurately  ascertained^  and  if  it  be  different  from  that  described 
by  the  pendulum  when  the  clock  keeps  time,  a  correction  must 
be  applied  -to  the  time  shewn  by  the  clock.  This  correction, 
expressed  in  sieconds  orf  time,  will  be  equal  to  the  half  of  three 
times  the  difference  of  the  square  of  the  given  arc,  and  of  that 
of  the  arc  described  by  the  pendulum  when  the  clock  keeps 
time,  these  arcs  beihg  expressed  in  degrees;  and  so  much  will 
the  clock  gain  or  lose,  according  as  the  first  of  these  arches  is 
less  or  greater  than  the  second.  Thus,  if  a  clock  keeps  true 
time  when  the  pendulum  vibrates  in  an  arch  of  3  degrees,  it 
will  lose  10}  seconds  daily  in  an  arch  of  4  degrees,  and  24 
seconds  in  an  arch  of  5  degrees. 

In  all  that  has  hitherto  been  said,  the  power  of  gravity  has 
been  supposed  constantly  the  same.  But  this  power  is  not  the 
same  in  aifferent  latitudes;  and  the  length  assigned  above  to 
the  second,  half-second,  and  quarter-second  pendulum,  is  accu- 
rately adapted  only  to  the  latitude  of  London.  A  pendulum,  to 
vibrate  seconds  at  the  equator,  must  be  semewhat  shorter;  for 
the  semi-diameter  of  the  earth's  equator  is  about  seventeen 
miles  longer  than  the  polar  semi-diameter,  consequently  the 
force  of  gravity  is  on  this  account  less  at  the  equator  than  at 
or>tbwaras<tho  poles;  and  it  is  farther  greatly  diminished  by 
the  centrifugal  force,  arising  from  the  diurnal  motion  of  the 
earth  being  greatest  at  the  equator.  The  following  Table 
shsWS'tb^  amount  of  the  variations  thus  arising  : 
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Coatro  of  osoillatioa. 


Lmgth  of  Pendulums  to  vibrate  Seconds  at  everj/  Fifth  Degree 

of  Latitude. 


Degreef  of  Im- 

Length  of  Pen- 

Degrees  of  La- 
titude.       1 

Length  of  Pen- 
dniam. 

Degrees  of  La- 
titnde. . 

i, 

3 

loobos. 

Inches. 

Inches. 

0 

39-027 

35 

39-084 

65 

39-168 

5 

39.029 

40 

39-097 

70 

39-177 

10 

39.032 

45 

39-111 

75 

39-185 

15 

39-036 

50 

39-126 

80 

39-191 

20 

39.044 

65 

39-142 

85 

39-195 

25 

39-057 

60 

39  - 158 

90 

39-197 

30 

39-070 

To  find  the  length  of  a  pendulum  to  make  any  number  of 
vibrations,  and  vice  versa:  Call  the  pendulum  making  60  ti- 
brations  in  a  minute^  the  standard  length ;  then  say,  as  thei 
square  of  the  given  number  of  vibrations  is  to  the  square  of 
60,  so  is  the  length  of  the  standard  to  the  length  sought.  If 
the  length  of  the  pendulum  be  given,  and  the  number  of  vi- 
brations it  makes  in  a  minute  be  required  ;  say,  as  the  given 
length  is  to  the  standard  length,  so  is  the  square  of  60,  its 
vibrations  in  a  minute,  to  the  square  of  the  number  required; 
the  square  root  of  which  will  be  the  number  of  vibrations  made 
in  a  minute. 

In  considering  a  simple  pendulum,  or  a  ball  suspended  by 
\  string  liaving  no  sensible  weight,  the  whole  weight  of  the 
ball  is  supposed  to  be  collected  in  its  centre  of  gravity,  and 
«he  length  of  the  pendulum  is  measured  from  the  centre  of 
gravity  lo  the  point  of  suspension.     But  when  a  pendulum^ 
consists  of  a  ball,  or  any  other  solid,  suspended  by  a  metallic 
or  wooden  rod,  the  length  of  the  pendulum  is  the  distance 
from  the  point  of  su&pension  to  a  point  in  the  pendulum  called 
the  centre  of  oscillation,  which  does  not  exactly  coincide  with 
the  centre  of  gravity  of  the  ball.    If  a  rod  of  iron,  or  any  other 
substance,  were  suspended,  and  made  to  vibrate,  that  point  in  • 
which  all  its  force  was  collected,  and  to  which,  if  an  obstacle 
were  applied,  all  its  motion  would  cease,  and  be  received  by 
the  obstacle,  is  called  the  centre  of  oscillation.     We  have 
shewn  that  a  homogeneous  rod  or  bar,  will  perform  its  osciW 
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lations  in  the  same  time  as  a  pendulum  consisting  of  a  ball 
and  a  thread,  tliough  only  two-thirds  of  its  length.  Hexice  « 
point  taken  one-third  oi  the  length  of  such  a  bar  from  the 
lower  end,  is  its  centre  of  oscillation. 

The  greatest  inconvenience  attending  the  use  of  the  pendu* 
lum,  is  its  being  constantly  liable  to  an  alteration  of  its  length, 
from  the  effects  of  heat  which  expands,  and  of  cold  which  coif- 
tracts  every  material  of  which  it  can  be  made.  To  remedy 
this  inconvenience,  the  common  metihod  is,  to  continue  the 
rod  throngh  and  a  little  below  the  bob,  which  will  shde  up- 
wards or  downwards  upon  it.  The  lower  part  of  the  rod  is 
screwed,  and  furnished  with  a  nut,  upon  which  the  bob  rests; 
consequently,  as  the  nut  is  screwed  upwards  or  downwards,  the 
bob,  and  with  it  the  centre  of  oscillation,  is  raised  or  lowered. 
This  contrivance  is  a  very  unscientific  one,  and  of  little  use ; 
accordingly,  the  title  of  a  compensation  for  teraperature,  ia 
given  to  those  inventions  alone  in  which  the  efficient  prin- 
ciple of  regulation  is  contained  within  themselves^  and  con-  * 
stantly  acting.  Of  this  character,  we  shall  notice  two  or  three; 
to  enlarge  further,  would  exceed  our  limits. 

In  the  year  1721,  Graham  produced  a  compensation  pendu- 
lu«)«  and  applied  it  to  a  clock,  the  going  of  which  he  omb- 
pared  with  one  of  the  best  of  the  oommon  sort,  for  three 
years  together,  and  found  its  errors  to  be  but  oiie-ei?hth  part 
of  those  of  the  latter.  The  followino  consideraUons  vi'dl 
explain  the  principle  of  this  pendulum.  If  a  glass  or  metallic 
tube,  uniform  throughout,  filled  with  quicksilver,  and  68.8 
iiiches  long,  were  applied  to  a  clock,  it  would  vibrate  secoDd«, 
for  39.2=^  of  68.8,  and  such  a  pendulum  admits  of  a  twofold 
expansion  and  contraction,  viz.  one  of  the  tube  and  the  other 
of  the  mercury,  and  these  will  be  at  the  same  time  contrary,* 
and  therefore  will  correct  each  other.  The  tube  will  extend 
in  length  with  heat,  and  so  the  pendulum  will  vibrate  slower 
on  that  account.  The  mercury  also  will  expand  with  heat, 
and  since  by  tliis  expansion  it  must  extend  the  length  of 
the  column  upward,  and  consequently  raise  the  centre  ot  * 
oscillation^  so  will  its  distance  from  the  point  of  suspension 
be  shortened,  and  therefore  the  pendulum  on  this  account 
will  vibrate  quicker:  hence,  if  tlie  tube  and  the  mercury  be 
skilfully  adjusted,  the  time  of  the  clock  will,  by  this  means, 
for  a  long  course  of  time,  continue  tlie  same,  without  atiy  sen- 
sible gain  or  loss. 

The  gridiron  pendulum,  which  has  justly  obtained  a  high 
degree  of  celebrity,  is  a  contrivance  for  the  same  purpose. 
Instead  of  one  rod,  this  pendulum  is  composed  of  any  conve- 
nient odd  number  of  rods,  as  five,  seven,  or  nine,  being  90  coo* 
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nected,  that  the  effect  of  one  set  of  them  counteracts  that  of 
the  other  §et;  and  therefore,  if  they  are  properly  adjusted  to 
each  other,  the  centres  of  suspension  and  oscillation  will  al- 
ways be  equidistant.  Fig.  6,  pi.  VI,  repreEents  a  gridiron  pen- 
dulum composed  of  nine  rods,  steel  ancl  brass  alternately-  The 
two  outer  rods.  AB,  CD,  which  are  of  steel,  are  fastened  to  the 
cross  pieces,  AC,  BD,  by  means  of  pins.  The  next  two  rods, 
EF,  GH,  are  of  brass,  and  are  fastened  to  the  lower  bar  BD, 
and  to  the  second  npper  bar  EG,  The  two  following  rods  are 
of  steel,  and  are  fastened  to  the  cross  bars  EG  and  IK.  The 
two  rods  adjacent  to  the  central  rod  being  of  brass,  are  fast- 
ened to  the  cross  pieces  IK  and  LM ;  ana  the  centra!  rod,  to 
wJiioh  the  ball  of  the  pendulum  is  attached,  is  suspended  from 
the  Cross  piece  LM,  and  passes  freely  through  a  perforation  in 
each  of  the  cross  bars  IK,  BD.  From  this  disposition  of  the 
rods,  it  is  evident  that,  by  the  expansion  of  the  extreme  rods, 
the  cross  piece,  BD,  and  the  rods  attached  to  it,  will  descend ; 
but  since  these  rods  are  expanded  by  the  same  heat,  the  cross 
piece,  EG,  will  consequently  be  raised,  and  therefore  also  the 
two  next  rods;  but  because  these  rods  are  also  expanded,  the 
cross  piece  !K  will  descend  ;  and  by  the  expansion  of  the  two 
next  rods,  the  piece  LM  will  be  raised  a  quantity  sufficient  to 
counteract  the  expansion  of  the  central  rod  :  whence  it  is  ob- 
vious, thai  the  eflect  of  the  steel  rods  is  to  increase  the  length 
of  the  pendulum  in  hot  weather,  and  to  diminish  it  in  cold 
weather,  and  that  the  brass  rods  have  at  the  same  time  a  con- 
trary effect.  The  effect  of  the  braes  rods  must,  however,  be 
equiralffut  not  only  to  that  of  the  steel  rods,  but  also  to  the 
part  above  tlie  frame  and  spring  which  connects  it  with  the 
cock,  and  to  that  part  between  the  lower  part  of  the  frame  and 
the  centre  of  the  ball. 

Another  useful  method  of  constructing  the  pendulum  is  the 
following:  a  bar  of  the  same  metal  with  the  rod  of  the  pendu- 
lum, and  of  the  same  dimensions,  is  placed  against  the  bacJc 
part  of  the  clock-caae ;  from  the  top  of  this  a  part  projects,  to 
which  the  upper  part  of  the  pendulum  is  connected  by  two  fine 
pliable  chains  or  silken  strings,  which  just  below  pass  between 
two  plates  of  brass,  whose  lower  edges  will  alwavs  terminate 
the  length  of  the  pendulum  at  the  upper  end.  These  plates 
are  supported  on  a  pedestal  fix«d  to  the  back  of  the  case.  The 
bar  rests  upon  an  immoveable  base  at  the  lower  part  of  the 
case,  and  is  inserted  into  a  groove,  by  which  means  it  is  always 
retained  in  the  eame  position.  By  this  «on8tni<nion,  it  is  ra- 
ended  that  the  extension  or  contraction  of  the  bar,  and  of  the 
rod  of  the  pendulum,  shall  be  equal,  and  inootitrary  directione. 
Thus,  suppose  the  rod  of  the  pendulum  to  be  expanded  by  any 
■"      Vol.  I.  3E 
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given  quantity  by  heat,  and  its  centre  of  oscillation  conse^ 
quently  tending  to  a  lower  point,  the  bar  being  at  the  same  ticoe 
expanded  upwards,  will,  it  is  presumed,  raise  the  upper  end  of 
the  pendulum  just  as  much  as  its  length  is  increased;  and  hence 
its  length  below  the  plates  will  be  the  same  as  before.  Of  a  pen- 
dulum of  this  sort,  somewhat  improved  by  Crosthwaite,  a  clock 
and  watchmaker  of  Dublin,  we  shall  insert  a  further  descrip- 
tion. AB,  fig.  7,  pi.  VI,  are  two  rods  of  steel,  forged  out  of 
the  same  bar,  at  the  same  time,  of  the  same  temper,  and  in 
every  respect  similar.  On  the  top  of  B  is  formed  a  gibbet  C; 
this  rod  is  firmly  supported  by  a  steel  bracket  D,  fixed  oa  a 
large  piece  of  marble  F,  firmly  set  into  a  wall,  and  it  has  liberW 
to  move  freely  upwards  between  cross  staples  of  brass,  1, 2, 3,  i, 
which  touch  only  in  a  point  in  front  and  rear,  (the  staples  hav- 
ing been  carefully  formed  for  that  purpose;)  to  the  other  rod 
is  firmly  fixed  by  its  centre,  the  lens  G,  of  twenty-four  pounds 
weight,  although  it  should  in  strictness  be  a  little  below  it. 


This  pendulum  is  suspended  by  a  short  steel  spring  on  the  gib- 
bet at  C;  all  which  is  entirely  independent  ot  the  clock-  To 
the  back  of  the  clock-plate,  I,  are  firmly  screwed  two  cheeks' 


nearly  cycloidal  at  K,  exactly  in  a  line  with  the  centre  of  the 
verge  L.  The  maintaining  power  is  applied  by  a  cylindrical 
steel-stud,  in  the  usual  way  of  regulators,  at  M.  Here  the  ex- 
pansion or  contraction  in  either  of  these  exactly  similar  rods,  is 
counteracted  by  the  other  in  the  manner  above  mentioned ;  and 
this,  which  has  been  usually  called  a  compensation  pendulum, 
has  been  supposed  to  have  an  advantage  over  other  compensa- 
tion pendulums;  because  the  latter  being  composed  of  differ- 
ent materials,  however  just  the  calculation  may  seem  to  be, 
they  will  be  defective,  as  not  only  different  metals,  but  also 
different  bars  of  the  same  metal,  not  manufactured  at  the  same 
time,  and  exactly  in  the  same  manner,  are  found  by  a  good 
pyrometer  to  differ  materially  in  their  degrees  of  expansion  and 
contraction,  a  very  small  change  affecting  one  and  not  the  other. 
No  kind  of  steel  will  be  so  likely  to  answer  well  for  the  two 
bars  in  Question,  as  the  best  cast  steel,  no  other  kind  possess- 
ing nearly  so  much  uniformity  of  texture.  When  it  is  observed 
that  the  bars  should  be  of  the  same  temper,  it  is  not  to  be  un- 
derstood, according  to  the  usual  import  of  the  term  temper 
among  artists,  that  they  should  undergo  the  regular  process  of 
hardening,  and  then  be  reduced  to  a  blue  or  any  other  colour 
at  discretion ;  on  the  contrary,  it  seems  reasonable  to  suppose, 
that  they  can  be  submitted  to  no  process  of  preparation  so  suit- 
able as  that  of  annealing,  which  will  leave  them  in  the  softest, 
but,  at  the  same  time,  the  most  uniform  state  the  steel  is  ca- 
pable of  receiving.    Th^y  should  be  annealed  alongside  of 


each  other,  and  after  undergoing  this  operation,  they  should  , 
Dot  be  hammered.  It  is,  however,  to  be  observed,  of  the  pen- 
dulum constructed  with  these  two  similar  bars,  that  the  bracket  I 
D  is  supposed  to  be  absolutely  fixed,  whereas  it  is  itself  | 
moveable  by  the  expansion  and  conlraction  of  the  block  is  | 
which  il  is  placed.  The  pendulum  cannot  therefore  strictly  ba  j 
called  a  compensation  pendulum ;  but  its  performance  is  found  ] 
to  be  much  superior  to  that  of  the  common  construction. 

The  most  approved  mode  of  diminishing,  in  a  simple  pendu- 
lum, the  errors  arising  from  change  of  temperature,  is  to  make  I 
the  rod  of  straight-grained,  well  seasoned  fir  wood,  of  which  1 
the  expansion  or  contraction  lengthwise  is  very  small.  Thnf> 
wood  IS  best  used  iu  its  natural  state,  without  baking,  varnish- 
ing, painting,  gilding,  or  any  other  preparation,  excepting,  pei^  | 
haps,  the  mere  rubbing  of  it  with  a  waxed  cloth.  A  pendu-  ] 
lum  also  performs  better  when  the  tpU  is  heavy,  and  the  arc  | 
of  vibration  small.  ] 

.  Iu  the  construction  of  clocks  intended  to  measure  time  with  I 
the  utmost  possible  exactness,  a  compensation  should  also  be 
established  for  the  resistance  of  the  air,  which,  by  its  unequal 
density,  varying  the  weight  of  the  pendulum,  must  in  a  small 
degree  accelerate  or  retard  its  motion.  The  celebrated  David 
Hitteiihouse,  who  paid  particular  attention  to  this  subject,  esti- 
mates the  extreme  difference  of  velocity,  arising  from  this  cause, 
at  half  a  second  per  day ;  and  be  observes,  that  a  remedy  de- 
pendent on  the  barometer  will  not  be  strictly  accurate,  as  the 
weightof  the  entire  column  of  air  does  not  precisely  correspond 
with  the  density  of  its  base.  lie  proposes,  therefore,  as  a  very 
simple  and  easy  remedy,  that  the  pendulum  shall,  as  usual,  con- 
sist of  an  iuflexible  rod  carrying  the  ball  beneath,  and  continu- 
ed above  the  centre  of  suspension  to  an  equal,  (ot  an  unequal) 
distance  upwards.  At  this  extremity  is  to  be  fixed  another 
ball  of  the  same  dimensions  (or  greater  or  less,  according  as 
the  continuation  is  shorter  or  longer.)  but  made  as  light  as  pos- 
sible. The  buoyancy  of  this  upper  ball  will  accelerate  its  oscil- 
lations by  the  same  quantity  as  those  of  the  lower  would  be  re- 
tarded ;  and  thus,  by  a  proper  adjustment,  the  two  effects  might 
be  made  to  balance  ana  correct  each  other.  The  inventor  made 
a  compound  pendulum  on  these  principles,  of  about  one  foot 
in  its  whole  length.  This  pendulum,  on  many  trials,  made  in  the 
air  57  vibrations  in  a  minute.  On  immersing  the  whole  in  water^ 
it  made  59  vibrations  in  the  same  time ;  sliewtng  evidently,  iha^ 
contrary  to  what  takes  place  with  the  common  pendulum,  its  re- 
turns were  quicker  in  so  dense  a  medium  as  water  than  in  atr. 
When  the  lower  bob  or  pendulum  only  was  plunged  in  water, 
it  made  no  more  thaa  44  vibratiooa  in  a  minute. 
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A  Review  of  the  most  hnportani  H^mtiom  and  PrindpUi  rf 

this  Divmon. 


Tht  ingemous  student  wiH  readily  |>6rceiv«e  tlie  ftdranirtage  h« 
may  derive  fiom  ^ing  furnished  with  an  epitome  like  die 
following,  of  the  different  branches  of  Natyral  PiHloBopby^ 
successively  treated  of.  After  he  has  perused  the  respective 
dissertations  at  lengthy  the  condensatKm  of  the  subjects  ai 
them  thus  presented  to  him,  is  calculated  to  «ave  him  Ae 
trouble  of  repeated  perusal,  as  a  view  of  the  leading  prin^ 
ciples  will  often  be  ttil  that  tie  wants  to  remind  bim  ot  tlfe 
reasoning  and  facts  by  which  they  liave  been  supported  aad 
explained. 


\\i     nil 


Of  Matter. 

1.  Every  portion  t)f  matter  is  possessed  'of  the  following, 
properties,  viz.  solidity,  extension,  'di'vkibilFty,  mobility,  iner* 
tia,  attraction,  and  pepuftsion. 

2.  Solidity  is  that  property  by  Whidi  twol>odies  oannot  ««- 
cnpy  the  same  pl^ce  at  the  same  time.  It  is  sometimes  cidle4 
the  impenetrability  of  matter. 

3.  Tne  extension^  like  the  solidity  ef  matter,  is  proved  by  the 
impossibility  of  two  todies  co-'Cxisting  in  the  same  place. 

4.  DivisilnKty  is  that  property  by  w%ich  bodies  are  capable 
of  being  divided  itrto  jmtts  removeable  from  each  other. 

5.  AwbiUty  expresses  the  capacity  of  matter  to  be  moved 
from  one  position  or  part  of  space  to  another. 

€.  Inertia  is  the  tern)  whim  d^esignates  the  passiveness  o€ 
matter,  which,  if  at  rest,  will  for  i^ver  remain  in  t»at  «tate  until 
compelled  by  some  cause  to  move;  «nd  on  the  contraiy,  if  m 
motion,  tJiat  motion  ivill  not  cease,  or  tibate,  or  change  its 
direction  unless  the  body  le  resisted. 


1.  Space  is  either  absoftrte  or  relative : 

2.  Absolute  space  h  met  A  J  ^xten^Km,  fllinrffeaMe,  immovelMOf 


twid  without  parts;  ^et  for  the  convetiiencs  of  language  it  is 
rUBually  spoken  of  aa  if  it  had  parts.    Hence  the  expression, 
".  Htlatwe  space,  which  signities  that  part  of  absolute  space 
fvliich  is  occupied  by  any  oody,  as  compared  nith  any  part 
F  occupied  bv  another  body. 

Atiraalion. 

1.  Attraction  denotes  the  property  which  bodies  have  to 
r  approach  each  other, 

[  -■   2.  There  are  fiv«  kinds  of  attraction, — ^the  attraction  of  co- 

[  Acfi'oj),  of  gratiUatioH;  of  eleetricHy,  of  magnetism,  and  chemical 
attraction. 

3.  The  attraction  of  cohesion  ia  «xerted  only  at  very  email 
distances. 

I  4.  The  strength  of  the  attraction  of  cohesion  being  difTercnt 
B  different  kinds  of  matter,  is  supposed  to  be  the  cause  of  the 
riative  degrees  of  hardness  of  different  bodies. 
-  6.  Capillary  attraction  is  onty  a  particular  modiflcation  or 

I  branch  of  the  attraction  of  cohesion. 

6.  The  attraction  of  gravitation  is  eT«rted  by  every  particle 

Pbf  matter  on  every  other  particle  at  all  distances,  but  by  no 

I  means  with  equal  intensity  at  all  distances. 

ravitatioti  decreases  from  the  surface  of  the  earth  »»- 

I  wardi  as  the  square  of  the  distance  increases;  but  from  the 

['■urface  of  the  earth  downwards,  it  decreases  onty  in  a  direct 

(ratio  to  the  distance  from  the  centre. 

Itepahion. 

I  1.  Repulsion  is  that  property  in  bodies,  whereby,  if  they  are 
ditoed  just  beyond  the  sphere  of  each  other's  attraction  of 
lohesion,  they  mutually  fly  front  each  other. 

2.  Oil  refuses  to  mix  with  water,  from  the  repulsion  between 
I  ^the  particles  of  the  two  substances;  and  from  the  same  cause, 
I**  needle  gently  laid  upon  water  will  swim. 

Mo  I  ion. 

'■  t.  Absolute  motion  la  the  actuar  motion  that  bodies  have, 
f'considered  independently  of  each  other,  and  only  with  regard 
[  to  the  parts  of  space. 

2.  Relative  motion  is  the  degree  and  direction  of  the  motion 
of  one  body,  when  compared  with  that  of  another. 

3.  Accelerated  motion  is  when  the  velocity  continually  in- 
creases. 
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4.  Retarded  motion  is  when  the  velocity  continually  de- 
creases ;  and  the  motion  is  said  to  be  umforinly  retarded,  vrbtn 
it  decreases  equally  in  eaual  times. 

5.  The  velocity  of  uniform  motion  is  estimated  by  the  time 
employed  in  moving  over  a  certain  space ;  or,  which  amounts  to 
the  same  thing,  by  the  space  moved  over  in  a  certain  time. 

6.  To  ascertain  the  velocity,  divide  the  space  run  over  by 
the  time. 

7.  To  ascertaiq  the  space  run  over,  multiply  the  velocity  by 
the  time. 

8.  In  accelerated  motion,  the  space  run  over  is  as  the  square 
of  the  time,  instead  of  being  directly  as  the  time,  as  in  unifomi 
motion.  '  . 

9.  A  body  acted  upon  by  only  one  force,  will  always  move 
in  a  straight  line. 

10.  Bodies  acted  upon  by  two  single  impulses,  whether 
equal  or  unequal,  will  also  describe  a  right  line. 

11.  But  when  9,  body  is  acted  upon  by  one  uniform  force,  or 
single  impulse,  and  another  accelerating  or  retarding  force,,  the 
two  forces  will  cause  it  to  describe  a  curve. 

12.  The  curve  described  by  a  body  projected  from  the  earth, 
and  drawn  down  by  the  action  of  gravity,  would,  jn  an  unre-* 
sisting  medium,  be  that  of  a  parabola ;  but  from  the  resistance 
of  the  air,  which,  when  the  velocity  is  very  great,  will  often 
amount  to  one  hundred  times  the  weight  of  the  projectile,  the 
curve  really  described  approaches  more  nearly  to  that  of  aa 
hyperbola. 

13.  The  momentum  of  a  body  is  the  force  with  which  it 
moves,  and  is  in  proportion  to  the  weight,  or  quantity  of  mat- 
ter, multiplied  into  its  velocity. 

14.  /the  actions  of  bodies  on  each  other  are  always  equal, 
and  exerted  in  opposite  directions ;  so  that  any  body  acting 
upon  another,  loses  as  much  force  as  it  communicates. 

Central  Forces. 

1.  The  central  forces  are  the  centrifugal  and  the  centripetal 
forces. 

2.  The*  centrifugal  force  is  the  tendency  which  bodies  that 
revolve  round  a  centre,  haVe  to  fly  from  it  in  a  tangent  to  the 
Qurve  they  move  ip,  as  a  stone  from  a  sling. 

3.  The  centripetal  force  is  that  which  prevents  a  body  from: 
^yii^g  0%  by  iQipetlling  it  towards  the  centre,  as  die  attraction 
of  gravitation. 


V»    »J»   ) 


ABSTRACT  OF  MECHANICS. 


rr  of  giiTilit— Th»  Utct. 


I  SI. 


Centre  of  Gravttj/. 

Bl.  The  centre  of  gravity  is  that  point  in  a  body,  about  which. 

itB  parts  exactly  bnlance  each  otberin  every  position. 
-  2.  A  vertical  line  passin?  through  the  centre  of  gravity  of  a 
body,  is  called  the  line  of' direct  ion. 

3.  Wlu'n  the  line  o(  direction  falls  within  the  base  of  ai 
bodv,  that  body  cannot  descend ;  but  if  it  fall  without  the 
Mtase.  tile  body  will  fall. 

W  The  Lever. 

'  1.  There  are  three  kinds  of  levers,  the  diH'evence  butween 
which  is  constituted  by  the  difference  in  the  situation  of  the 
fulcrum  and  the  power  with  respect  to  each  other.,  In  xUeJint 
kind  of  lever,  the  fulcrum  is  placed  between  the  power  and  the 
weight.  In  the  second  kind  of  lever,  the  fulcrum  is  at  one  end, 
the  power  sit  the  other,  and  the  weight  between  iheni.  In  the' 
third  kind  of  lever,  the  power  is  applied  between  the  fulcruin' 
and  the  weight. 

2.  In  all  inese  levers,  the  power  is  to  the  weight,  as  the  dis- 
tance of  the  weight  from  the  fulcrum  is  to  that  of  the  power 
from  the  fulcrum. 

3.  A  beiit,  or  hammer  lever,  diflers  only  in  form  from  a  lever 
of  the  first  kind. 

4.  Scisiora,  pincers,  muffers,  and  the  common  iron-crow,  ar^' 
all  levers  of  the  first  kind. 

5.  The  itatera  or  Roman  stee/-i/ard  is  a  lever  of  the  first  bind^ 
'ith  a  moveable  weight. 

6.  A  balance  is  also  a  lever  of  the  first  kind  with  equal  arins; 
a  perfect  balance  should  combine  the  following  reauisites:  1. 
The  arms  of  the  beam  should  be  exactly  equal,  ooth  as  to 
weight  and  length,  and  should  at  the  same  time  be  as  long  aa 
possible,  relatively  to  their  thickness.  2.  The  points  froia 
whicli  the  scales  are  suspended,  should  be  in  a  right  line; 
passing  through  the  centre  of  gravity  of  the  beam.  3.  Th& 
fulcrum  ought  to  be  a  little  higher  than  the  centre  of  gravity. 
4.  The  axis  nf  motion  should  be  formed  with  an  ed^e  like  a 
knife,  and  with  the  rings  and  other  bearing  parts,  should  be 
very  hard  and  smooth.  5.  The  pivots,  which  form  the  axis 
«f  motion,  should  be  in  a  straight  line,  and  at  right  angles  to 

beam. 

-7.  The  best  balances  are  not  calculated  to  determine  weiglila 
:th  certainty  to  more  than  five  places  of  figures- 
rudders  of  vessels  are  levers  of  the  second 
!er;  a  pair  of  bellows,  nut-crackeit,  8ic.  «re  composed  of 


I 


» levers  of  the 
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9.  The  third  kind  of  lever  is  used  as  little  as  possible,  on 
account  of  the  disadvantage  to  the  moving  power,  the  in- 
tensity of  whieh  must  always  exceed  the  resistance ;  yet  in 
some  cases  this  disadvantage  is  overbalanced  by  the  Quick- 
ness of  its  operations,  and  the  small  compass  in  which  it  is 
exerted;  hence  its  fitness  for  the  bones  of  the  arm»  and  the* 
limbs  of  animals  generally. 

10.  In  compound  levers,  the  power  m  to  the  weight,  in  a. 
ratio  compounded  of  fhe  several  ratios  which  those  poweiV' 
that  can  susta^in  the  weight  by  the  help  of  each  lever,  when 
used  singly  and  apart  from  the  rest,  have  to  the  weight. 

The  PuUey. 

1.  Pulleys  are  of  two  kinds,  Jixed  and  moveable. 

2.  The  fixed  pulley  onJy  turna  upon  its  axis,  and  affords  no 
mechanical  advantage;  therefore  when  the  power  and  the 
weight  are  equal,  they  balance  each  other.  It  is  used  for  the 
convenience  of  changing  live  direction  of  a  motion. 

3.  The  moveable  pulley  not  only  turns  upon  its  axis,. but  rises 
and  falls  with  the  weight. 

4.  Every  moveable  pulley  may  be  considered  as  hanging  by 
two  ropes  equally  stretched,  and  which  consequently  bear 
equal  portions  of  the  weight;  therefore  each  pullley  of  this  sort 
doubles  the  power. 

•  6.  A  pulley  of  one  spiral  groove  upon  a  truncated  cone,  as 
the  fusee  of  a  watch,  is  calculated  to  maintain  a  constant  equi- 
librium or  relation  between  two  powers,  the  relative  forces  of 
which  are  continually  changing^ 

Wheel  and  Axle. 

L  The  pcitwer  most  be  to  the  weight,  in  order  to  produce  an* 
equilibriumi  as  the  circumference  of  the  wheel  is  to  the  drcum'' 
ference  of  the  aocle. 

2.  As  the  diameters'  of  diffisrent  circles  bear  the  same  pro«' 
portion  to  eack  other  thai  their  respective  circumferences'  do,f. 
the  power  is  also  to  the  weight  as  tne  diameter  of  the  whcid  U^ 
tile  diameter  oE  tha  axle. 

3«  If  one  wheal  moye  another  of  equal  circumferen0e>  no 
power  will  be  gained,  as  they  will  both  move  equally  fast. 

4.  But  if  one  wheel  move  another  of  different  diaineteil;> 
whether  larger  or  smaller,  th^:  velocities  with  which  they  move 
will  be  inversely  as  their  diametecs,  circumferences^  otfnundlw 
of  teeth. 

5»  The  wheel  and  axle  may  be  cjonsidered  aa  a  parpetnil 
lever,  from  the  constant  renewal  o£  the  pmnts<of  si 
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and  reeistaiice.  The  fulcrum  i^  tiie  cei 
longer  arm  is  the  radius  ofthi;  wheel,  aii( 
radius  of  the  axis. 

6.  The  crane,  and  many  otber  machin< 
^ence,  are  compoaed  principally  of  the  < 

^Pt'  The  Jnclmed  Plane,  , 

1 1.  The  power  and  the  weigh*  baUtice  each  other,  wiiea" 
the  former  is  to  the  latter  aa  the  height  of  the  plane  to  iti' 
length. 

2.  In  estimating  the  draught  of  a  waggon  or  other  vehicle  . 
up-bill,  the  draught  on  the  level  must  be  added  ;  so  that  if  the 
hill  rises  one  foot  in  four,  one-fourth  part  of  the  weight  must 
be  added  to  the  draught  ou  level  ground. 

The  Wedge. 

1.  When  the  resistance  acts  perpendicularly  to  the  sides;'*  J 
that  ia,  when  the  wedge  does  not  cleave  at  any  distance,  iliere 

is  an  equilibrium  between  the  resistance  and  the  power,  when'  ' 
the  latter  is  to  the  former  as  half  the  thickness  of  the  back  ot ' 
the  wedge  is  to  the  length  of  one  of  its  sides. 

2.  Wher  the  resistance  on  each  side  acts  parallel  to  the  ' 
back,  that  is,  when  the  wedge  cleaves  at  some  distance,  the 
power  is  to  the  resistance  as  the  whole  length  of  the  back  to 
double  its  perpendicular  height. 

3.  The  thinner  the  wedge,  the  greater  its  power.  i- 

4.  The  further  a  wedge  is  driven  into  any  material,  th«,- 
greater  also  Is  its  power,  the  sides  of  the  cleft  affording  it  thtf^ 
advantage  of  operating  on  two  levers.  ^ 

5.  Axes,  spades,  chisels,  needles,  knives,  and  all  instruments 
which  begin  with  edges  or  points,  and  grow  gradually  thicker. 
act  on  the  principle  of  the  wedge.  '• 

^L  The  Screw. 

Hpl.  The  screw  ia  an  inclined  plane  encompassing  a  cylinder. 

B^2.  It  is  generally  used  with  a  lever ;  and  the  power  is  to  th«  * 
weight,  as  the  distance  from  one  thread  or  spiral  to  another  )■, 
to  tlie  circumference  of  the  circle  described  by  the  power.        ' 

3.  The  friction  of  the  screw  is  very  great,  a  circumstance  that 
occasions  this  machine  to  sustain  aweight  or  press  upon  a  body, 
after  the  power  by  which  it  was  impelled  is  removed. 

4.  A  screw  cut  on  an  axle  to  serve  as  a  pinion,  is  called  a& 
endless  screw, 

6.  The  endless  screw  is  very  useful,  either  in  converting  t 
very  rapid  motion  into  a  slow  one,  or  vice  ver$/i,  as  for  each  of 
its  revolutions  the  wheel  moves  but  one  tooth. 
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Compound  Machines. 

1.  In  all  machines,  simple  as  well  as  compound,  what  is 
gained  in  power  is  lost  in  time ;  but  the  loss  of  time  is  com- 
pensated by  convenience. 

2.  The  mechanical  power  of  i^n  engine  may  be  known  by 
measuring  the  space  described  in  the  sam&  time  by  the  power 
a{id  the  resistaiw^e  or  weight;  or  .by  multiplying  into  each  other 
the  several  proportions  subsisting. between  the  power  and  the 
weight,  in  every  simple  mechanical  power  of  which  it  is  coibh 
ppsed. 

3«  The. power  of  a  machine  is  not  altered  by  varying  the 
sij^e^.  of  the  wheels,  provided  this  proportion  produced  by  the 
multiplicatipn  of  the  power  of  the  sevetal  parte  remains  the 
same. 

4.  In  constructing  machines,  simplicity  of  parts  and  unifor- 
mity of  motion  should  be  particularly  studieo. 

5.  The  teeth  of  wheels  should  always  be  made  as  nvmeroits 
a^  possible;  and  when  great  strength  is  required,  it  should  be 
obtained  by  increasing  the  width  or  thickness  of  the  wheeK 

6.  The  use  of  the  crank  is  one  of  the  best  mode^  of  convert* 
ing  a  repiprocating  into  a  rotatory  motion,  mod  vice  veni* 

JF7y  Wlieek. 

1.  A  fly  wheel  is  a  reservoir  of.  power^  wad  is  employed  to 
equalize  the  mottoa  of  a.  machine. 

J^.:Tbi9  equalization  of  the  motion  is  the  only  source  of  ^ 
a4v£|n!toge  ol  a.  fiy,  which  can  impart  no  powder  it  has  not 

received. 

i3r{  WMlV'ttfly  ifr  used  merely  as  a  regulator,  it  should  be  near 
th^  fijr^jt,.e)^Mer;  if  intended  to  accumulate  force  in  the  working 
point,  it  should  not  be  far  separated  fr6m  tliat  point. 

U  FriOt^^H:  {^.occasioned  by  tDiie. roughness  aed  cohesion  of 
bo^Sfes. 

<^.  (Itie  inigjevDeml  equal  to  .between^  one-half  and  one-fourth  of 
the  WQi^'ht  or  force  with  which  bodies  ape  pressed  together. 

.<3f  It  IS  increased,  ia  a  snxoU  degree' by  an  increase  of  the 
sur-fiac(9s  ia  contact.  >        ' 

4.  It  is  increased  to  an  extraocdinsry  degree>  by  prolonging  • 
th?jtime  of  contact.    . 

5.  Two  metals  of  the  same  kind  have  more  friction^than  two-^ 
di|rer:«nl  ntetsiilsb..  '  •  ,  .  .      ;      •     j 

^:6..^eLand  birae^iareithe  tvro' mdals  whick  ktive  tb€|4sa«t'  ^ 
friction  upon  eackilBliiiee^^  *  ji.«i  f :•-   u  i^jdN  .<;'(  .  i. .  :   -^i 
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'.  The  general  rule  for  lessening  friction  consists  in  substU 
J  the  rolling  for  the  sliding  motion.  * 

Men  and  Horses,  considered  as  first  Movers. 

1.  In  turning  ft  winch,  a  man  e:ierts  his  strength  in  different!  j 
proportions  at  different  parts  of  the  circle.    The  greatest  force  I 
IB  when  he  pulb  the  handle  up  from  the  height  of  his  kneej 
and  the  least  when  he  thrusts  from  htm  horizontally. 

2.  When  two  handles  are  used  to  an  axle,  one  at  each.^xCrt'-' 
mity,  they  should  be  fixed  at  right  angles  to  each  other. 

3.  The  art  of  carrying  large  burdens,  consists  ^n  keeping  the^ 
column  of  the  body  as  directly  under  the  weight  and  as  up- 
right Rs  possible. 

4.  The  horse  exerts  his  force  to  the  greatest  disadvantage  in 
drawing  or  carrying  up  a  hill. 

6.  The  force  with  wnich  a  horse  acts  is  compounded  of  hls 
weight  and  muscular  strength. 

6.  The  walk  of  a  horse  working  in  a  mill,  should  nercr  bft 
less  than  forty  feet  in  diameter. 

7.  A  horse  exerts  most  strength  when  drawing  upon  a  plftne. 

L»  Mi/lWork.  ■  '     ^  '^ 

P»l.  Water-wheels  arc  of  three  kinds,  Vft.  tintfMJIoi-toJUrii, 
dfeast-wheeh,  and  overshol-wfieels.  The  powers  necessary  ttf^ 
produce  the  same  effect  on  each  of  these,  mtist  be  to  each 
other  as  the  numbers  2.4,  1.75,  and  1. 

2.  The  uurfersAoNwheel  is  used  only  when  a  fall  of  water  can-  | 
not  be  obtained.  , 

3.  A  water-wheel  twice  as  broad  as  another,  has  more  than 
dtmble  the  power. 

4.  An  axis  furnished  with  a  very  oblique  spiral,  and  placed  ' 
in  the  direction  of  a  stream,  may  be  rendered  a  powerfal  first , 
mover,  adapted  to  a  deep  and  slow  current. 

5.  A  mill-Btone  should  make  120  revolutions  in  a  minute- 

6.  lieveUed-wheels  are  much  used  for  changing  the  direction  \ 
of  a  motion  in  wheel-work. 

7.  Hooke'a  imiversal joint  is  sometimes  used  with  advantage 
for  the  same  purpose. 

8.  The  teetn  of  wheels  should  never,  if  it  can  he  avoided, ' 
act  upon  each  other  before  they  arrlveat  the  line  joining  their 
centres. 

9.  To  ensure  ft  uniformity  of  pressure  and  veTocity  in  tfre 
action  of  one  wheel  upon  another,  the  teeth  should  he  formed" 
into  epicycloids;  or  into  inTolotes  ofthe  circumferences  of  the' ' 
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respective  wheels ;  or  if  the  teeth  of  one  of  the  ivheeU  be  either 
circular  or  triangular,  the  teeth  of  the  other  wheel  should  have 
a  figure  compounded  of  an  epicycloid  and  that  of  the  figure  of 
the  first  wheel. 

10.  The  object  of  thus  forming  the  teeth,  is,  that  they  may 
not  slide  but  roll  upon  each  other,  by  which  means  the  friction 
is  ahnost  annihilated. 

11.  It  is  a  great  improvement  in  machinery,  where  trundles 
are  employed  with  cylindrical  staves,  to  make  these  staves 
moveable  on  their  axis. 

12.  A  heavy  mill-stone  requires  very  little  more  power  than 
a  light  01^^ ;  Dut  it  performs  much  more  work,  and  more  efiec- 
tuauy  equalizes  the  motion,  like  a  heavy  fly. 

13.  The  com,  as  it  is  ground,  is  thrown  out  from  betweeo 
the  mill-stones  by  the  centrifugal  force  it  has  acquired. 

14.  The  manual  labour  of  putting  the  ground  corn  into 
sacks,  in  order  to  raise  it  to  the  top  of  the  mill-house,  may 
be  obviated  by  the  use  of  a  chain  of  buckets  wrought  by  the 
machinery. 

Wheel  Carriages. 

1.  A  horse  draws  with  the  greatest  advantage,  when  the 
line  of  traction  or  draught  is  inclined  upwards  so  as  to  make 
an  angle  of  about  15  degrees  with  the  horizontal  plane. 

2.  By  this  inclination,  the  line  of  traction  is  at  right  angles 
to  the  shape  of  the  horse's  shoulders,  all  parts  of  which  are 
therefore  equally  pressed  by  Che  collar. 

3.  Single  horses  are  preferable  to  teams,  because  in  a  team, 
all  but  me  shaft  horse  draws  horizontally,  and  consequently 
to  disadvantage. 

4.;  A  horse,  when  part  of  the  weight  presses  on  his  back, 
will  draw  a  weight  to  which  he  would  otherwise  be  incom* 
petent.     > 

.5.  The  fore- wheels  of  carriages  are  less  than  the  hind-wheelst 
for  the  convenience  of  turning  in  a  smaller  compass. 

6.  In  ascending,  high  wheels  facilitate  the  draught,  in  pro- 
portion to  the  squares  of  their  diameters ;  but  in  descending, 
they  press  in  the  same  proportion. 

7.  In  descending,  the  body  of  a  cart  may  be  advantageously 
thrown  backwards,  so  that  the  bottom  of  it  will  be  honzonta{p 
while  the  shafts  incline  downwards. 

8.  In  loading  four>-wheeled  carriages,  the  greatest  weight 
should  be  laid  upon  the  large  wheels. 

9.  Dished  wheels  are  better  calculated  than  any  other  to 
sustain  the  jolts  and  unavoidable  inequalities  of  pressure  ari»» 
iqg  from  the  ^oiiglm^ss qtihe  roads. 
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I  10.  The  extremities  of  the  axles  should  be  in  the  same  hori- 
zontal plane,  and  the  wheels  should  be  placed  on  them  at  right 
angles.  ' 

II.  Broad  cylindrical  wheels  smooth  and  harden  a  roadj  \ 
while  narrow  ones  cut  it  into  furrows,  and  conical  ones  griod  < 
the  hardest  atones  to  powder. 

Clock-work, 

1.  To  ascertain  the  number  of  revolutions  which  a  pinioA  I 
makes,  for  one  of  the  wheel  working  in  it,  divide  the  numbe*'  | 
of  its  leaves  by  the  number  of  the  teeth  of  the  wheel,  and  tbe  j 
answer  is  obtained.  "'  I 

2.  By  increasing  the  number  of  teeth  in  the  wheels;  by  I 
diminishing  the  number  of  leaves  in  the  pinions;  by  increa»<  1 
ing  the  length  of  the  cord  that  suspends  the  weight;  and'J 
lastly,  by  adding  to  the  number  of  wheels  and  pinions,  a  cloolt  1 
may  be  made  to  go  any  length  of  time,  as  a  month,  or  a  yeatf  ' 
without  winding  up. 

3.  The  inconvenience  of  taking  up  more  room,  but  princi- 
pally the  increase  of  friction  which  would  be  introduced,  are 
the  causes  of  its  being  inexpedient  to  make  a  clock  go  much 
beyond  eight  days. 

4.  Clocks  intended  to  keep  exact  time,  are  contrived  to  go 
whilst  winding  up. 

&.  Clocks  M'hicn  have  pendulums  vibrating  half  seconds,  are 
frequently  moved  by  a  spring  instead  of  a  weight. 

6.  A  spring  is  strongest  when  it  is  first  wound  up,  and  gra- 
dually decreases  in  strength  till  the  movement  stops;  it  ia 
therefore  contrived  to  draw  the  chain  off  a  conical  barrel,  so 
that  the  lever  at  which  it  pulls  is  lengthened  as  it  grow* 
weaker,  by  which  means  its  effects  are  equalize!]. 

7.  The  plates  of  clock-makers*  engrnes,  may  quickly  be  di- 
vided into  odd  numbers,  by  subtracting  from  the  odd  number 
so  much  as  will  leave  an  even  number  of  easy  subdivision  ; 
then  calculating  the  number  of  degrees  contained  in  the  parts 
subtracted,  and  setting  them  off  on  the  circumference  of  the 
circle  from  a  sector. 

8.  The  geometrical  radius  of  wheels,  when  the  teeth  are  epi- 
cycloidal,  is  less  than  the  acting  diameter,  by  about  Jths  of 
the  breadth  of  a  tooth  or  measure. 

9.  The  relative  size  of  a  pinion  must  be  less  for  a  small 
_  wheel  than  for  a  large  one,  and  also  smaller  when  driven  than 

Irhen  it  is  the  driver. 
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1.  All  the  vibrations  of  the  same  pendulum,  whether  greal 
ok  snaJU,  if  cydoldal,  ace  performed  ia  equal  times, 
r  2.  The  loagcor  a  pendulum,  the  slower  are  its  vibrations. 

3.  A  pendulum  to  vibrate  second^  must  be  shorter  at  the 
equator  than  at  the  poles. 

4.  Heat  lengthens  and  pojld  shortens  pendulums. 

5.  The  quicksilver  pendulum;  the  gridiron  pendulum,  and 
maay  others,  have  been  contrived  to  obviate  these  effects  of 
•himffie  of  temperature. 

'  ^.  The 'vibrations  of  jpepdiihims  are  affected  by  differences 
in  the  densitjr  of  the  medium  in  which  they  are  performed.  ^ 
^  7i  The  merit  of  the  wiy  <:oatrivance  to  remedy  this  defect 
ik  d<ie  to  Rittenhouae.  It  consists  in  the  use  of  two  pendu- 
lums,; eile  ol  which  is  very  light,  and  placed  in  an  inverted 
{ioaitioiv  extending  aboTe  the  point  of  auspension  of  the 
(»lher. 

8.  This  compound  pendulum  may  be  made  to  vibrate  quicker 
iik  96  dent6  a  medium  as  water  than  in  the  open  air. 


•  .M 
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THIS  branch  i.f  Naturnl  Philosophy  treats  of  the  mechanical 
projierlieii  oi'li^lit,  and  the  [>henomeiia  of  Tisioii. 

Many  optical  appearances  are  of  such  frequent  recurrence, 
thai  tliey  could  not  escape  the  notice  of  the  earliest  observers ; 
but  iiges  appear  to  have  elapsed,  before  any  progress  was  made 
towards  an  explanation  ol  them.     Enipedocles  was  the  first 

fierson  on  record,  who  attempted  to  write  systematically  on 
i^'bt.  A  treatise  on  optica,  attributed  to  Euclid,  who  flourished 
about  401)  years  before  the  Christian  era,  shews  the  state  of 
knowledge  on  the  subject  nbout  that  time.  It  adverts  to  the 
effect  of  bringing  into  view,  by  refraction,  an  object  at  the 
bottom  of  a  vessel,  by  pouring  water  upon  it;  but  chiefly  treats 
of  reflected  rays,  explaining  the  effect  of  different  kinds  of 
mirrors,  and  demonstrating  tlie  equality  of  the  angles  of  inci- 
dence and  reflection^  It  appears,  also,  that  the  ancients  were 
acquainted  with  the  magnifying  power  of  ^lass  globes  filled 
with  water,  though  they  probably  knew  notning  of  the  reason 
of  tliis  power;  and  it  is  supposed  that  the  ancient  engravers 
used  glass  globes  to  magnify  their  figures,  that  they  might 
work  to  more  advantage. 

Ptolemy,  about  the  middle  of  the  second  century,  wrote  a 
considerable  treatise  on  optics.  The  work  is  now  lost,  but 
from  the  accounts  of  others,  it  appears  that  hia  observations 
had  even  enabled  him  to  treat  of  astronomical  refractions.  Al- 
hazen,  an  Arabian  writer,  was  the  next  author  of  consequence; 
he  wrote  about  the  year  1100,  and  gave  the  first  account  of 
the  magnifying  power  of  glasses. 

In  1'270,  Vitellio.  a  Polander,  published  a  treatise  on  optict, 
containing  all  that  was  valuable  in  Alhazen,  digested  in  a  bet- 
ter manner,  and  with  clearer  explications  of  various  phenomena, 
lie  observes,  that  light  is  always  lost  by  refraction,  which 
makes  objects  appear  less  luminous.  He  gave  a  table  of  the 
results  of  his  experiments  on  the  refractive  powers  of  air,  wa- 
ter, and  glass,  corresponding  to  different  angles  of  incidence. 
Ue  ascribes  the  twinkling  of  the  stars  to  the  motion  of  the  air 
in  which  the  linht  is  refructed  ;  and  illustrates  this  hypothesis 
by  observing,  that  they  twinkle  still  more  when  viewed  in  wa- 
ter put  in  motion.  He  also  asserted,  that  refraction  is  neces- 
sary as  well  as  reflection,  to  form  the  rainbow  ;  because  the. 
body  which  the  rays  fall  upon  is  a  transparent  substance,  at 
the  surface  of  which  one  purt  of  the  light  is  always  reflected, 
-aod  anothsr  refracted.     He  makes  soma  ingeaious  attempts  to 
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explain  refraction,  or  to  ascertain  the  law  of  it ;  and  considers 
the  foci  of  glass  spheres^  and  the  apparent  size  of  objects  seen 
through  them,  though  with  but  little  accuracy. 

The  celebrated  Roger  Bacon  was  contemporary  with  Vitellio, 
with  whose  writings,  if  not  also  with  those  of  Alhazen,  he  was 

I>robably  acquainted.  He  seems  to  have  acquired  the  know- 
edge  of  some  facts,  which  were  unknown  to  them ;  yet,  with 
several  important  truths,  be  blended,  on  this  subject,  much 
that  was  wild  and  fanciful.  The  invention  of  the  magic  lan- 
tern is  attributed  to  him ;  and  he  demonstrated,  by  actual  ex- 
periment, that  a  small  segment  of  a  glass  globe  would  greatly 
assist  the  sight  of  old  persons ;  but  concerning  the  actual  in- 
ventor of  spectacles  we  have  no  correct  information ;  this  only 
is  certain,  that  the  use  of  them  was  generally  known  about  the 
beginning  of  the  fourteenth  century. 

In  the  year  1575,  Maurolycus,  a  teachpr  of  mathematics  at 
Messina,  published  a  treatise  on  optics*  in  which  he  demon- 
titrates  that  the  crystalline  humour  of  the  eye  is  a  lens,  which 
collects  the  rays  of  light  from  external  objects,  and  throws 
them  oii  Ihe  retina  or  back  of  the  eye.  From  this  principle 
be  assigtied  the  reason  why  some  people  are  short-sighted,  and 
others  long-aighted,  and  why  the  former  are  relieved  by  con- 
cave, and  the  others  by  convex  glasses. 

John  Baptista  Porta,  of  Naples,  was  contemporary  with  Mao- 
rolycus.  He  invented  the  camera  obscura,  and  his  experi- 
ments with  that  instrument  convinced  him  that  light  is  a  sub- 
stance, by  the  reception  of  which  into  the  eye,  vision  is  ac- 
complished. This  was  a  great  discovery,  and  corresponds  very 
nearly  with  the  experiments  and  reasoning  of  Maurolycus;  but 
it  must  be  remarked,  that  iieither  of  these  two  philosophers 
had  any  knowledge  of  what  the  other  had  done.  The  impor- 
tance of  Porta's  discovery  will  be  evident,  when  it  is  observed,  ' 
that  previous  to  his  time,  vision  was  supposed  to  be  dependent 
upon  what  were  termed  visual  rays,  proceeding  from  the  eye. 
He  justly  considered  the  eye  itself  as  a  camera  obscura,  the 
pupil  performing  the  office  of  the  hole  in  the  window-shutter; 
ne  remarked,  also,  that  a  defect  of  light  is  remedied  by  the 
dilatation  of  the  pupil,  which  contracts  involuntarily  when  ex- 
posed to  a  strong  light,  and  expands  when  the  light  is  too 
faint  for  distinct  vision. 

Antonia  de  Dominis,  whose  work  was  published  in  1611, 
was  the  first  who  came  near  tlie  true  theory  of  the  rainbow. 
He  describes  the  progress  of  the  ray  of  light  through  each  drop 
:0f  the  falling  rain ;  he  shews  that  it  enters  the  upper  part  of  the 
drop,  where  it  suffers  one  refraction ;  that  it  is  reflectea  once,  and 
.then  refracted  again»  90  as  to  come  directly  to  the  eye  of  the 


(pectator;  why  this  refraction  should  produce  the  different  co- 
was  reserved  for  Sir  Isaac  Newton  to  explain. 
Telescopes  were  inTented  towards  the  latter  end  of  the  six- 
«eiith  century.  Of  this,  as  of  many  other  memorable  disco- 
_  reries,  accident  furnished  the  first  hint:  Zacbarias  Jansen,  a 
Spectacle  maker  of  Middleburg,  trying,  it  is  said,  the  effects  of 
li  concave  and  convex  glass  united,  found  thnt,  if  they  were 
[placed  at  a  certain  distance  from  each  other,  they  caused  dis- 
Iftnt  objects  to  appear  nearer  the  eye.  Other  accounts  transfer 
Ae  merit  of  the  first  discovery  from  Jansen  himself  to  his 
p^il'lren,  who,  while  playing  with  spectacle-glasses  in  his  shop, 
perceived,  that  when  they  held  two  of  these  glasses  between 
Hbeir  fingers,  at  a  certain  distance  from  each  other,  the  dial  of 
Phe  clock  appeared  greatly  magnified,  hut  in  an  inverted  posi- 
This  incident  suggested  to  their  father  the  idea  of  ad- 
ig  two  of  these  glasses  on  a  board,  so  as  to  move  them  at 
Dieasure.  To  the  Jansens  we  are  also  indebted  for  the  dis- 
feovery  of  the  microscope,  an  instrument  depending  upon  ex- 
fc^tly  the  same  principles  as  the  telescope.  Galileo  greatly 
'jnnproved  the  telescope,  and  constructed  one  that  magnified 
liirty-three  times;  with  which  he  made  the  astronomical  dis- 
mveries  that  have  immortalized  his  name. 
"  Kepler  paid  great  attention  to  the  phenomena  of  light  and 
;  he  was  the  first  who  demonstrated  that  the  degree  of 
^refraction  suffered  by  light  in  passing  through  lenses,  corre- 
Hiponds  to  the  diameter  of  the  circle  of  which  the  convexity  or 
§tEbncavity  is  the  portion  of  an  arch.  He  very  successfully  pur- 
eed the  discoveries  ofJVTaurolycusand  Porta.  The  images  of 
»«xternal  objects,  he  asserted,  were  formed  upon  the  optic  nerve 
by  the  foci  of  rays  coming  from  every  part  of  the  object ;  and 
he  attributed  to  habit  the  power  of  enabling  us  to  see  objects 
in  their  right  position,  though  their  images  upon  the  retina  are 
inverted.  He  accounted  for  the  apparent  diminution  of  the 
moon'«  disk  in  solar  eclipses  by  observing,  that  the  disk  of  the 
moon  does  not  appear  less  in  consequence  of  being  unenlight- 
ened, but  that  at  other  times  it  appears  larger  than  it  really  is, 
in  consequence  of  its  being  enlightened:  for  pencils  of  rays 
from  such  distant  objects  generally  come  to  their  foci  before 
they  reach  the  retina,  vrhicn  they  consequently  reach  in  a  state 
of  divergence.  Hence  he  concluded,  that  different  persons 
may  imagine  the  lunar  disk  to  be  of  different  magnitudes,  ac- 
cording to  the  relative  goodness  of  their  sight. 

In  1626.  the  curious  discovery  of  Scheiner  was  published  at 

Rome,  which  placed  beyond  the  reach  of  contradiction,  the  fact 

that  vision  depends  upon  the  images  of  external  objects  being 

depicted  upon  the  retina,  and  that  these  images  are  inverted; 

18— Vol.  L  3G 


HiiUiwflil  Mfluvkft. 


for  taking  the  eye  of  en  ammal,  end  Getting  away  the  coela  of 
the  back  pert,  and  pi^seating  different  obj^ts. before  H»lie 
difiplayed  th^ir  imsigea  distinctly  painted  on  the  naked  retina 
or  optic  nerve. 

About  the  middle  of  the  aevente^tb  century,  the  velocity 
of  light  was  discovered  by  Roemer ;  and  towards  the  cloae  of 
It  published  by  James  Gregory,  the  fir^t  proposal  far  a  reflect- 
ing telescope. 

At  length  arose  Sir  Iss^ac  Newton,  who  discovered  the  cause 
of  colours,  an  investigation  which  had  eluded  the  abilities  of  all 
the  philosopl^rs  who  bad  goi^e  before  him.  He  applied  his 
principles  to  the  eatisfactory  explanation  of  most  of  the  phe- 
nomena of  nature  where  light  and  colour  are  concerned  ;  and 
almost  all  that  we  know  upon  these  subjects  was  laid  open  by 
his  experiments.  He  found  that  the  refractive  powers  of  di^- 
ferent  substances  were  in  general  proportionate  to  their  densi- 
ties, except  when  they  contained  inflammable  or  oily  particles. 
Having  proved  that  tne  refractive  powei*  of  diamond  was  much 
greater  than  that  of  other  substances  of  equal  density,  he  sup- 
posed it  to  contain  an  inflammable  principle^ — a  happy  con- 
ecture,  which  the  modern  discoveries  in  chemistry  have  irre- 
ragably  proved,  and  which  has  always  been  considered  a  proof 
of  his  wonderful  sagacity,  because  it  was  at  complete  variance 
with  all  that  was  known  in  his  day  respecting  the  nature  of 
the  diamond. 

The  splendour  of  Sir  Isaac  Newton's  discoveries  obscures  in 
some  degree  the  merit  of  both  earlier  and  subsequent  writers; 
yet  a  great  variety  of  interesting  facts  and  improvements  have 
appeared  since  his  time»  though  it  must  be  admitted  that  the 
lignt  by  which  many  of  them  have  been  discovered  was  fur- 
nished by  his  labours.  The  present  admirable  mode  of  con- 
structing reflecting  telescopes,  to  which,  after  him,  many  in- 
genious philosophers  and  artists  have  contributed,  has  led  to 
the  most  brilliant  discoveries ;  and  Dollond's  improvement  of 
the  refracting  telescope  has  added  not  a  little  to  the  conveni- 
ence and  the  value  ot  optical  iYistruments  of  that  description. 
This  artist,  by  using  three  glasses,  of  different  refractive  powers, 
was  enabled  to  enlarg^e  the  diameters  of  his  object-glasses,  and 
thus  to  admit  more  light,  and  enlarge  his  field  of  view,  far  be- 
yond what  the  common  telescope  admitted. 

After  explaining  the  principal  terms  made  use  of  in  treating 
of  optics,  we  shaU  take  a  view  of  the  properties  of  light  in 
general,  and  then  proceed  with  the  particular  consideration  of 
refraction,  reflection,  inflexion,  and  the  phenomena  depending 
upon  them. 


.  By  &  rag  of  light  is  meant  the  least  particle  of  light  that 
be  either  intercepted  or  separated  from  the  rest.  In  the 
L^Bgranis  by  which  the  science  is  illustrated,  rays  of  light  are 
»~|Wprtsented  by  right  lines. 

2.  Any  small  parcel  of  rays  proceeding  from  or  to  a  point. 
Ljensidered  apart  from  the  rest,  is  called  &  pencil  of  ratfs. 
I . .  3,  A  h«am  of  fight  is  used  to  denote  any  considerable  aggre- 
|,|[at£  of  tight,  or  parcel  of  rays. 

Parallel  rays  are  such  as  move  always  at  the  same  dia- 
B  from  each  other,  as  represented  by  fig.  3,  pi.  1, 
5.  Converging  rays  are  such  as  approach  nearer  and  nearer 
>  each  other,  and  tend  to  unite  m  a  point;  they  are  repre- 
iiented  by  fig.  4,  forming  a  cone,  the  base  of  which  is  at  the 
l^ace  where  the  rays  began  to  converge. 
I  6.  IXvergi/ig  rays  are  those  which  continue  to  recede  further 
I  ^nd  further  from  each  other  through  their  whole  progress,  and 
\  \t  proceeding  from  a  point,  form,  as  shewn  by  Gg.  5,  a  cone, 
^^e  base  of  which  is  tne  termination  of  their  course. 

".  The  point  at  which  converging  rays  meet,  is  called  the 
C  focus. 

8.  When  converging  rays  are  prevented  from  meeting  by 

Bome  obstacle,  the  point  towards  which  they  tend,  and  where 

L  Jtbey  would  have  umted,  if  not  intercepted,  is  called  the  v'trtua. 

t  imaginary  focus. 
K^t'  9.  Void  space,  and  whatever  substance  the  rays  of  light  pass 
Tjfrroughi  is  called  by  opticians,  a  medium. 

10.  Media  are  either  dense  or  rare:  one  medium  is  said  to  be 

e  dinse  than  another,  when  it  is  heavier,  or  contains  more 

tatter  under  the  same  bulk ;  and  vice  versa,  it  is  called  more 

lo  another,  when  it  is  lighter,  or  contains  less  matter 

'  Jinder  the  same  bulk.     Glass  is  more  dense  thanwaterj  water 

is  more  dense  than  air. 
L  .  11.  By  a  lens  is  meant  a  transparent  body  of  a  dilTerent  den- 
I  iity  from  the  surrounding  medium,  and  terminated  by  two  sur- 
l^es,  either  both  curved,  or  one  plane  nnd  the  other  curved. 
^■Aa  lenses  are  commonly  made  of  slass,  it  is  usual  to  call  them 
l^^jMi,  with  the  addition  of  an  epithet,  designaling  their  u&e, 
or  the  nature  of  their  curve,  or  both ;  as  a  niagnifyiog-glass.  an 
B^bject  or  eye-glass  of  a  telescope,  a  concave  spectacle-glass, 
'  #  conve.^  spectacle-gUss. 

12.  An  iiicitleiU  ray  is  that  which  comes  from  any  body  to 
the  reflecting  surface;  the  reflected  ray  is  that  which  is  sent 
back  from  tt^  rejecting  surface.     ChiCdieu  sometimes  amuse 
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themselves  with  presenting  a  piece  of  looking-glass  to  the  sun, 
and  casting  a  yivid  spot  of  lignt  on  any  object  they  please.  In 
this  case»  the  rays  received  directly  from  the  sun  are  called 
incident,  and  the  lucid  spot  is  made  by  the  reflected  rays. 

13.  The  angle  of  incidence  is  the  angle  which  is  formed  by 
the  incident  ray  with  a  perpendicular  to  the  reflecting  surface 
at  the  point  of  incidence;  and  the  angle  o(  reflection  is  the 
angle  formed  by  the  same  perpendicular  and  the  reflected  ray. 
Thus,  in  fig.  6,  a  ray  of  lignt,  a,  falls  in  the  direction  a  d,  upoa 
the  surface  ef,  and  is  reflected  in  the  direction  db;  cd  is  per- 
pendicular to  ef,  therefore  a  Jc  is  the  angle  of  incidence,  and 
c  <2  6  is  the  angle  of  reflection.    - 

14.  A  mirror,  or  speculum,  is  an  opaque  body,  the  surface'of 
which  is  very  smooth  and  finely  polished,  so  that  it  will  reflect 
the  rays  of  light  which  fall  upon  it,  and  by  this  means  repre- 
sent the  images  of  objects  opposed  to  it. 

16.  Plane  mirrors  are  those  reflecting  bodies,  the  surfaces  of 
which  are  perfectly  plane,  such  as  our  common  looking-glasses. 

16.  Concave  and  convex  mirrors  are  those  the  surfaces  of 
which  are  curved.  If  a  watch-glass  were  silvered  on  the  round 
side,  it  would  be  a  concave  mirror;  if  it  were  silvered  on  the 
hollow  side,  it  would  be  a  convex  mirror. 

Of  Light. 

The  nature  of  light  has  been  a  subject  of  speculation  from 
the  first  dawnings  of  philosophy.  Several  of  the  earliest  phi- 
losophers thought,  tnat  objects  became  visible  by  means  of 
something  proceeding  from  the  eye;  while  some  maintained,^ 
that  vision  was  occasioned  by  particles  continually  flying  off 
from  the  surfaces  of  bodies,  which  met  with  others  proceeding 
from  the  eye;  but  Pythagoras  is  said  to  have  ascribed  the 
eflect  solely  to  the  particles  proceeding  from  external  objects, 
and  entering  the  pupil  of  tne  eye.  The  ancients  possessed 
much  greater  ingenuity  to  invent  theories,  than  inclination  (or 
perhaps  opportunity)  to  determine  the  truth  of  them  by  expe- 
riment ;  and  therefore,  if  Pythagoras  actually  promulgated  tliis 
opinion,  it  seems  to  have  been  supported  by  no  facts  whick 
placed  it  on  an  immutable  basis.  Hence  it  gained  for  many 
ages  no  greater  credit  than  other  opinions,  the  most  incon- 

Suous  and  vague.  It  was  not  till  about  a  thousand  years  after 
e  time  of  Pythagoras,  that  J.  Baptista  Porta  fully  satisfied 
himself  and  others  of  vision  being  performed  entirely  by  the 
intromission  of  light  into  the  eye. 

Several  eminent  philosophers  have  imagined,  that  the  sen* 
aation  which  we  receive  from  light  is  to  b^  dttributed  entire  y  te 
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tbe  vibrations  of  a  subtile  medium  or  fluid,  difi'used  throughout 
the  univeTse,  and  put  in.  action  by  the  impulse  of  the 'sun. 
According  to  this  hypothesis,  light  may  be  coaaidered  as  ana- 
logous to  sound,  which  is  knowD  to  depend  entirely  on  the 
pulsations  of  the  air  striking  upon  the  ear.  But  this  theory  is 
encumbered  with  many  diiliculties.  If  light  depended  alto- 
gether upon  the  vibrations  of  a  fluid,  a  quick,  motion  of  the 
Hand,  or  of  a  machine  contrived  for  the  purpose,  would  pro- 
duce tight  at  any  time;  or  rather,  as  no  solid  reason  can  be 
assigned  why  the  fluid  should  cease  to  vibrate  in  the  night, 
since  the  sun  must  always  afl'ect  some  part  of  it,  we  ought  to 
have  perpetual  day.  Again,  the  texture  of  certain  bodies  is 
actually  changed  by  exposure  to  light,  even  though  they  be 
inclosed  in  glass;  uut  if  covered  with  the  thinnest  plate  of 
metal,  which  excludes  the  light,  no  alteration  takes  place. 
Many  other  objections  which  militate  with  equal  force  against 
this  theory,  might  be  adduced,  but  these  have  never  received 
answers  which  can  be  deemed  satisfactory. 

A  late  writer  is  decidedly  of  opinion  that  light  is  diluted Jire, 
.  that  is,  Are  weakened  and  ditt'used,  as  ardent  spirit  when 
kxiingled  with  water.  It  appears  at  first  view  favourable  to 
Lthis  opinion,  that  light  may  be  collected  and  condensed  by 
LMhe  burning-glass,  so  as  to  burn  like  the  fiercest  flame;  on 
Kthe  contrary,  flame  itself  may  be  attenuated,  even  by  artificial 
L means,  to  such  a  degree  as  to  be  perfectly  innoxious.  "The 
[  flame,"  says  Dr.  Goldsmith,  "  which  hangs  over  buruing 
Lapirit  of  wine,  we  alt  know  to  scorch  with  great  power,  yet 
Luese  flames  may  be  made  to  shine  as  bright  as  ever,  yet  be 
Kperfectly  harmless.  This  is  done  by  placing  them  over  a 
£entle  tire,  and  leaving  them  thus  to  evaporate  in  a  close 
room  without  a  chimney  ;  if  a  person  should  soon  after  enttr 
with  a  candle,  he  will  find  the  whole  room  filled  with  in- 
^noxious  flames.  The  parts  have  been  too  minutely  separated, 
4iDd  the  fluid,  perhaps,  has  not  strength  enough  to  send  forth 
Ltits  burning  rays  with  sufficient  efl'ect."  But  when  we  con- 
[isider  the  reqiarkable  discovery  of  Dr.  Herschet,  that  light 
lt;inay  be  separated  from  the  caloric*  which  accompanies  ii.  ihe 
[t  identity  ot  the  two  substances,  if  not  fully  disproved,  becomea 
livery  doubtful.  The  Doctor,  when  employed  in  making  obser- 
u  Tations  on  the  sun  by  means  of  telescopes,  found  that  the  co- 
j  loured  glasses  used  to  prevent  the  inconvenience  ariiiing  from 
I  the  heat,  very  soon  cracked  and  broke  in  pieces  when  their 
Lcotour  was  deep  enough  to  intercept  the  light.    On  prdeecuting 
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tbe  inquiry^  in  a  course  of  experiments  devised  for  the  pur 
pose,  he  found  that  the  solar  beam  contained  rays  which  gave 
no  light,  and  yet  produced  a  greater  degree  of  heat  than  ereir 
tliose  rays  which  produced  the  strongest  li^bt.  The  two  spe- 
cies of  rays  may  be  separated  from  each  other  by  a  very  eas}r 
experiment.  If  a  glass  mirror  be  held  before  the  fire,  it  strongly 
reflects  the  rays  ^  light,  but  the  rays  of  caloric  which  it  sends 
forth  are  yery  few ;  a  metallic  mirror,  on  the  other  hand,  made 
of  planished  tin-plate,  for  example,  reflects  the  rays  of  light 
indifferently,  but  it  supplies  caloric  rays  in  great  abundaace. 
The  glass  mirror  becomes  hot;  the  metallic .  mirror  does  not 
alter  its  temperature.  If  a  plate  .of  glass  be  suddenly  inter- 
posed between  a  glowing  fire  and  the  fsLce,  it  intercepts  com* 
pletely  the  warming  power  of  the  fire,  without  causing  aay 
sensible  diminution  of  its  brilliancy;  consequently  it  mter- 
cepts  the  rays  of  caloric,  but  allows  the  rays  of  light  to  pass 
If  the  glass  be  allowed  to  remain  in  its  station  till  it  becomes 
as  hot  as  its  distance  from  the  fire  will  allow,  it  ceases  to  in- 
tercept the  rays  of  caloric,  which  then  pass  through  it  as  freely 
as  the  rays  of  light.  These  data  lead  us  inevitably  to  the  con- 
:^lusion,  that  light  is  not  diluted  fire  or  cak)ric. 

We  shall  now  proceed  to  notice  the  most  important  proper- 
ties of  light  in  an  optical  point  of  view; — ^a  task  mue:n  more 
delightful  than  the  investigation  of  its  nature  and  essence; 
and  eminently  calculated  to  entrance  the  mind  with  a^onish- 
x^ent. 

In  the  very  short  space  of  one  sectmd,  a  rp.y  of  light  Ira 
verses  the  prodigious  extent  of  nearly  two  hundred  titousana 
miles.  The  manner  in  which  the  velocity  of  light  is  calcu- 
lated, is  not  less  ingenious  than  the  discovery  is  surprising. 
It  was  by  observing  the  eclipses  of  Jupiter's  satellites,  which 
appeared  to  be  eclipsed  sooner  or  later  than  the  times  given 
by  the  tables  of  them,  and  the  observation  was  always  befwt 
or  after  the  computed  time,  according  as  the  earth  was  nearer 
to  or  further  from  the  planet  Jupiter  than  the  mean  distance. 
To  understand  this  fact  more  fully,  suppose  the  earth  in  goin^ 
its  annual  circuit  round  the  sun,  is  at  C,  (fig.  I,  pi.  ij  and 
that  an  eclipse  is  there  observed  of  a  satelfite  of  Jupiter, 
which  regularly  suffers  an  eclipse  in  forty-two  hours  and  a 
half.  If  the  earth  never  left  C,  but  continued  there  immove- 
able, and  Jupiter  remained  at  the  same  distance,  the  eclipse 
of  the  satellite  would  always  be  observable  at  the  expected 
interval  of  forty-two  hours  and  a  half ;  and  consequently,  ih 
thirty  times,  forty^two  hours  and  a  half,  the  spectator  would 
see  thirty  eclipses.  But  the  earth  travelling  onward  tc  D*  the 
spectator  does  not  see  thirty  eclipses  till  s«uas»time*flai^tt 


stkted  period,  for  the  further  off  the  earth  removes,  the  longer 
the  time  required  for  the  light  to  reach  the  spectator.     lo' 
traversing  from  C  to  D,  light  takes  up  about  sixteen  miiiutevr 
and  a  half,  therefore,  ns  the  sun  is  haif  way  between  0  and  D,« 
it  inufit  pe'rform  Its  Journey  from  him  in  hnlf  that  time,  that'^ 
is,  in  eight  minutes  and  a  quarter;  or,  according  to  the  most ' 
exact  calcntation,  in  eight  minutes  and  seven  seconds.     No  ■ 
difference  in  the  velocity  of  light  has  ever  been  discovered, 
whether  it  is  ori^iual,  as  fiora  tlie  stars,  or  reflected  only,  as 
front  the  planets. 

Such  being  the  rapidity  with  which  the  rays  of  light  dart 
themselves  forward,  it  becomes  a  matter  of  easy  calculation, 
and  may  a  little  assist  our  conception  to  observe,  that  a 
journey  which  they  perform  in  eight  minutes,  could  not  be- 
performed  by  a  cannon  ball  at  its  ordinary  speed  in  less  ' 
than  thirty-two  years.  That  the  motion  of  light  is  inex- ' 
pressibly  rapid,  we  may  easily  convince  ourselves,  if  wa 
notice  tlie  firing  of  a  cannon  or  a  musket  at  a  considerabla 
distance,  and  observe  the  time  which  elapses  between  see-  ' 
iiig  the  flash  and  hearing  the  report.  Sound,  it  has  been 
calculated,  travels  at  the  rate  of  1142  feet,  or  380  yards,  in  ' 
a  second  ;  yet  tlie  time  which  intervenes  between  seeing  the  ' 
flash  and  hearing  the  report  of  the  lire-arm,  is  a  satisfactory 
proof  of  the  prodigious  disparity  between  the  velocity  of  light 
and  sound. 

If  the  velocity  of  light,  then,  be  so  very  great,  it  may  be 
inquired  why  it  does  not  strike  against  objects  with  a  pro-  ' 
portionate  force  ?  If  the  finest  sand  were  thrown  against  our 
bodies  with  a  hundredth  part  of  this  velocity,  each  grain  ' 
would  be  as  fatiil  as  the  stab  of  a  dagger;  yet  our  eyes,  th«  1 
most  exquisitely  sensible  of  all  our  organs  of  perception,  re- 
ceive its  impressions  without  the  smallest  pain.  But  we  have 
sufficient  evidence  to  convince  us  that  the  minuteness  of  the  ■ 
particles  of  light  is  still  more  extraordinary  than  their  velo"' 
cit^,  and  that  their  minuteness,  therefore,  is  the  cause  of  their ' 
being  harmless.  A  lighted  candle  will  fill  a  sphere  of  four 
miles  in  diameter,  and  may  be  extinguished  without  having 
lost  any  sensible  portion  of  its  weight;  yet  it  must  have  dif  . 
fused  several  hundreds  of  millions  more  particles  of  light  than^ 
there  could  be  grains  in  the  whole  earth,  if  it  were  entirely' 
composed  of  the  finest  sand.  '' 

It  is  a  [trinciple  in  mechanics,  that  the  momentum  of' 
moving  bodies,  or  the  force  with  which  they  strike,  ispropoi*-' 
tionate  to  the  quantity  of  matter  they  contain  multiplied  by 
their  velocity;  consequently,  if  the  particles  of  light  were  not 
infinitely  smaller  than  we  can  conceive,  nothing  could  with--' 
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stand  their  impulse.  Light  moves  2,000,000  of  times  faster 
than  a  cwnon  ball;  consequently,  if  its  particles  were  only 
equal  in  size  to  the  2,000,000th  part  of  a  grain  of  sand,  thev 
would  produce  an  effect  equal  to  that  of  sand  from  the  mouu 
of  a  cannon.  If,  keeping  this  in  mind,  we  further  consider  Uie 
facility  with  which  light  penetrates  the  hardest  bodies,  as  glass^ 
crystal,  and  even  the  diamond  itself,  through  all  which  it  finds 
an  instant  passage,  and  that  it  does  not  displaceithe  smaller 
atom  of  dust  which  it  encounters  in  its  progress;  we  shall  not 
hesitate  to  admit,  that  the  particles  of  light  cannot  be  equal 
in  size  to  the  4,000,000th  part  of  a  grain  of  3and. 

As  the  particles  of  light  are  continually  passing  from  every 
luminous  body,  in  all  directions,  it  may  be  inquired  why  they 
do  not  interfere  with  each  other  in  such  a  manner  as  to  con- 
found all  distinct  perception  of  objects,  if  not  quite  destroy  the 
sense  of  seeing?  Their  velocity,  however,  enables  us  to  answer 
these  questions,  by  convincing  us  that  they  may  be  separated 
at  least  a  thousand  miles,  and  yet  be  perfectly  efficient  to 
the  purposes  of  vision.  It  is  an  undoubted  fact,  that  the 
effect  of  li^ht  upon  the  eye  is  not  instantaneous,  but  that 
the  impression  remains  after  the  light  has  been  withdrawn. 
Of  this  any  one  may  satisfy  himself,  by  shutting  his  eye, 
after  having  looked  K>r  some  time  on  a  candle,  a  star,  or  any 
other  luminous  object,  when  a  faint  momentary  picture  of  the 
object  will  remain.  The  same  thiuj?  may  be  proved  by  whirU 
ing  round  a  stick,  the  extremity  of  which  is  on  fire;  if  the 
motion  be  quick  enough,  the  perception  of  a  complete  circle 
of  fiame  will  be  impressed  on  the  eye.  The  actual  duration, 
for  a  certain  time,  of  the  impression  of  light  beine  thus 

f  roved,  let  it  be  supposed  to  continue  distinct  only  for  the 
50th  part  of  a  second ;  then  if  one  lucid  point  of  the  sun*a 
surface  emit  150  particles  of  light  in  a  second,  these  will  be 
amply  sufficient  to  afford  light  to  the  eye  without  any  inter- 
mission ;  and  yet  the  particles  emitted  will  be  more  than  1000 
miles  apart. 

Notwithstanding!  the  extreme  tenuity  of  light,  the  task  of 
actually  measuring  its  momentum  has  not  proved  either  too 
bold  to  be  conceived,  or  too  difficult  to  be  executed.  Boerhaave 
gave  motion  to  the  needle  of  a  compass,  by  concentrating  the 
rays  of  the  sun  upon  it  with  a  powerful  burning-glass ;  and 
Mitchell,  in  later  times,  tried  an  experiment  to  the  same  purpose 
in  a  still  more  satisfactory  manner.  He  constructed  an  instra- 
ment,  in  the  form  of  a  small  vane  or  weathercock.  It  consisted 
of  a  very  thin  plate  of  copper,  of  about  one  inch  square, 
which  was  attached  to  one  of  the  finest  harpsichord  wires» 
about  ten  inches  long.   To  the  middle  of  the  wire  was  fised  «n 


i  compas 
manner  of  which  it  was  intended  to  turn;  and  tlie 
thin  plate  was  balanced  on  the  other  side  by  a  grain  of  small, 
shol  The  instrument  weighed  ten  grains  j  and  to  prevent  its 
beiiii;  affected  by  the  vibrations  of  the  air,  it  was  inclosed  in  a 
gliss  box.  The  rays  of  the  sun  were  thrown  upon  the  plate  of 
copper  from  a  concave  mirror  of  two  feet  in  diameter ;  in  con- 
aeqnencc  of  which,  the  vane  or  copperplate  moved,  on  repeated 
trials,  with  a  gradual  motibn  of  about  one  inch  in  a  second  of 
lime.  The  instrument  weighing  ten  grains,  and  the  velocity 
with  which  it  moved  being  one  inch  in  a  second,  the  quantity 
of  matter  contained  in  the  rays  which  fell  upon  the  instrument 
in  that  time,  was  equal  to  the  twelve  hundred  millionth  part 
of  a  grain,  the  velocity  of  light  exceeding  the  velocity  with 
whicK  the  instrument  moved  in  that  proportion.  The  mirror 
containing  about  three  square  feet  of  surface,  and  mirrors  in 
general  reflecting  only  half  the  rays  which  fall  upon  iheni.  the 
quantity  of  matter  contained  in  the  rays  of  the  sun  incident 
upon  ft  square  foot  and  a  half  of  surface,  is  no  more  than  one 
twelve  hundred  millionth  oart  of  a  grain.  But  the  density  of 
the  rays  of  light  at  the  surface  of  the  sun  is  greater  than  at 
the  earth,  in  the  proportion  of  45,000  to  1.  If  in  one  second, 
therefore,  one  square  foot  of  the  sun's  surface  emit  one  forty- 
five  thousandth  part  of  a  grain  of  matter,  the  supply  will  be 
adequate  to  the  consumption  of  light;  yet  it  will  be  little 
more  than  two  grains  a  day,  or  about  4,380,000  grains,  or  62S 
pounds,  in  6,000  years ;  a  loss  which  would  have  shortened  the 
sun's  diameter  about  ten  feet,  if  it  were  formed  of  matter  the 
density  of  water  only. 

f  By  tho^e  who  adopt  the  opinion  that  light  is  constituted  by 
te  vibrations  of  a  subtile  fluid,  it  has  been  urged,  that  if  a 
'food  of  particles  were  incessantlystreaming  from  the  sun,  the 
diminution  of  the  bulk  of  that  luminary  would  have  become 
very  perceptible  from  the  diminution  of  his  beneticial  eflects. 
But  even  if  the  preceding  calculation  of  the  emission  of  light 
be  estimated  far  too  low,  when  the  immensity  of  the  sun's 
diameter,  which  amounts  to  883,246  English  miles,  is  consi- 
dered, we  shall  see  little  reason  to  justify  the  apprehensions 
of  its  being  exhausted,  however  extravagant  our  ideas  of  the 
duration  of  the  present  system  of  nature,  and  although  we 
reject  the  great  probability  that,  like  our  atmosphere,  itis  pro- 
vided with  the  means  of  its  own  perpetual  replenishment. 
It  has  been  objected  to  Mitchell's  experiment,  that  the  air, 
^nrefied  by  his  mirror,  was  sufficient  to  give  motion  to  the 
fttone,  although  'the  light  which  fell  on  it  had  no  momentum 
Ivhatever;  but   it  baa  been  found  that  precisely  the   same 
18.— Vol.  I.  3  H 
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motion  is  produced  in  vacuo  as  when  the  glass  case  is  filled 
with  air.  The  fact  that  light  has  momen-tum  may  therefore  be 
considered  as  proved,  though  the  deductions  drawn  from  the 
experiment  relative  to  the  quantity  of  it,  are  liable  to  much 
uncertainty. 

Another  argument  in  favour  of  the  extreme  tenuity  of  lights 
and  of  its  particles  following  each  other  at  an  immense  dis- 
tance,! is  tne  well  known  fact,  that  the  rays  collected  by  die 
strongest  burning-glass^  will  not  inflame  the  most  combustible 
matter  while  they  merely  pass  through  it.  A  phial  contain<- 
ing  spirit  of  wine  will  not  oe  set  on  nre ;  but  if  the  spirit  ia 
poured  into  a  spoon  or  any  opake  vessel,' which  stops  tne  pro- 

fress  of  the  concentrated  rays,  inflammation  instantly  results, 
his  familiar  experiment  enables  us  to  account  for  the  cold 
experienced  at  tne  summits  of  high  mountains.  The  atmo- 
sphere is  not  warmed  by  the  mere  passage  of  the  rays  through 
it ;  these  rays  first  heat  the  earth,  where  they  are  first  stopped^ 
and  the  eartn  then  communicates  its  own  temperature  to  the 
air,  which  being  a  very  bad  conductor  of  heat,  the  lower, 
denser  stratum  of  it,  becomes  the  chief  residence  of  its 
warmth.     Such  parts,  therefore,  as  are  elevated  above  the 

feneral  surface  of  the  earth,  derive,  in  proportion  to  their 
eight,  a  diminished  advantage  from  this  circumstance,  and 
though  they  may  receive  as  many  rays  as  an  equal  extent  of 
burning  desert,  yet  the  surface  they  contain  is  so  trifling,  when 
compared  with  th^  stratum  of  air  on  a  level  with  them,  that 
the  heat  produced  is  abstracted  as  quickly  as  it  is  formed. 

The  nej^t  property  of  light  which  demands  our  attention,  is, 
that  it  is  propelled  from  every  luminous  body  in  right  tines* 
This  is  evident  fVom  an  experiment  which  any  person  may 
maJ^e  with  a  bent  tube,  through  which  nothing  can  be  dia- 
c^ned,  provided,  it  be  so  much  bent  that  nothing  can  pass 
through  it  ii)  a,  righlline.  Aqother^proof  of  the  same  fact,  is, 
that  shadjows  are  bounded  by  right  lines  drawn  from  the 
lu,mi.nou9.  body  pa^t  the  contour  of  the  body  casting  the 
shadow. 

It  i^  geper^Uy  supposed,  according  to  this  principle,  that 
those  bodies  pnly  a^e  transparent  wHose  pores  are  such  as  to 
permit  the  rays  of  light  to  pervade  them  in  a  right  line ;  and 
that  those  bodies  are  opake,  whichr  intercept  the  rays  like  the 
bent  tube; 

Every  ray  of  lighjt  carries  with  it  the  image  of  the  point 
from  which  it  wail,  emitted.  If,  U^erefote,  the  pencils  of  rays 
^m  every  point  of  an  object,  are  united  in  the  same  order  in 
w\kkh  they  proceeded  when  Urst  emittied^  they  will  form  a 
pi^rAct  linage  OF  fQpr4^a9ntati<m  of  thai  object,  at  tbe*  place 
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where  they  are  thus  united.  The  rays  of  light  proceeding  in 
straight  lines,  it  is  obvioii!i,  that  to  make  an  object  visible,  at 
any  place  to  which  a  straight  line  can  be  drawn  from  it  to  the 
eye.  ihey  must  be  detacbea  from  every  physical  point  of  it  in 
all  directions;  but  only  those  rays  whicn  enter  our  eyes  can 
render  them  visible  to  us.  Thus  the  object  ACB,  fig.  2,  pi.  I, 
id  rendered  visible  to  an  eye  in  any  part  where  the  rays  Ad, 
Ab.  Ac.  Ad,  B«,  Bb.  Bt,  6*1.  Ca.  Cb,  Cc,  Cd.  can  come;  and 
these  rays  affect  our  sight  with  the  sense  of  difTetent  colours 
and  shades,  according  to  the  properties  of  the  body  from  which 
the  light  is  reflected.  However  confused  the  figure  may 
appear,  those,  to  whom  the  subject  is  new,  will  observe  that 
the  rays  are  only  made  to  proceed  from  three  points;  and 
hence  they  may  be  enabled  to  form  some  slight  couception  of 
the  numberless  crossings  of  the  raya,  in  order  that  every  part 
of  a  body  may  be  visible,  in  whatever  direction  it  is  looked 
upon. 

Here  perhaps  we  may  «llow  the  young  reader,  before  we 
pass  on  with  didactic  philosophy,  to  contemplate,  for  a  mo- 
ment, that  luminary  from  which  all  light  proceeds.  The  bar- 
barous and  the  civilized,  the  ignorant  and  the  wise,  have  \a 
all  ages  regarded  the  sun  as  the  grandest  object  of  the  whole 
visible  creation.  With  what  delight  does  the  lover  of  nature 
view,  in  what  glowing  colours  has  the  enraptured  poet  painted, 
his  rising,  his  meridian,  and  his  setting  glories.  Allusions  to 
the  sun,  and  to  light,  constitute  the  most  beautiful  expressions 
and  figures  of  speech  in  all  languages ;  and  such  are  the  ideas 
of  association  connected  with  tnem,  that  frequency  of  repeti- 
tion, or  even  abuse,  can  scarcely  render  any  of  them  con- 
temptible. A  few  might  be  adduced,  which  accompany  only 
triteness  of  sentiment,  and  feebleness  of  diction;  but  genius 
has  still  the  power  of  eliciting  new  descriptions  and  combina* 
tions  of  allusion,  as  poetically  beautiful,  as  philosophically 
correct.  Thomson's  apostrophe  to  the  sun  is  distioguishea 
for  grandeur  of  idea,  and  simplicity  of  expression  * 


GiHt  (onioe  of  daj,  bcil  inipi  hew  btlow 

or  (hjr  Craitor,  •Tetpodting  wide. 

From  world  b>  world,  Um  riul  omu  renad." 
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Rrfrangibility  of  light. 

• 

The  natural  progress  of  the  rays  of  lights  we  have  already 
•hewn,  is  in  straight  lines  ;  yet,  like  all  other  matter^  light  is 
influenced  by  attraction,  which  sometimes  turns  it  out  of  iti 
direct  course.  This  happens  when  it  passes  out  of  one  me^ 
dium  into  another  of  different  density,  as  from  air  into 
water  or  glass,  or  from  water  or  glass  into  air.  This  disposi* 
tion  or  capability  of  light  to  be  bent,  is  called  its  refrangi'- 
bility,  and  the  change  of  direction  actually  assumed  wnen  me 
rays  enter  another  medium,  is  called  refraction. 

A  very  easy  experiment  will  convince  any  one  that  light  is 
influenced  by  some  power  or  other  when  coming  out  of  a  diffe- 
rent medium  :  put  one  end  of  a  stick  into  water,  and  it  will 
Appear  at  the  surfiice  as  if  it  were  broken.  This  effect  is  owing; 
to  the  rays  of  light  being  attracted  or  drawn  out  of  their  direct 
course,  as  may  be  proved  in  a  variety  of  ways.  Place  a  shil- 
ling, or  any  other  conspicuous  but  sn^all  object,  at  the  bottom 
of  a  basin,  and  then  retire  to  such  a  distance,  that  the  edge  of  the 
vessel  just  prevents  its  being  seen.  Let  the  vessel  be  then  filled 
with  water,  and  the  shilling  will  be  perfectly  visible,  though 
neither  it  nor  the  spectator  have  changed  places  in  the  slightest 
degree.  Another  experiment  of  the  same  nature,  and  more 
easily  managed  by  one  person,  is  the  following:  take  a  basin, 
or  any  convenient  vessel,  and  place  it  in  such  a  situation  that 
the  snadow  of  a  lighted  candle  will  fill  one  half  of  it ;  hold  the 
end  of  a  ruler  or  stick  exactly  on  the  place  where  the  shadow 
terminates ;  then  pour  water  into  the  basin,  and  the  shadow 
will  be  seen  immediately  to  withdraw  from  the  ruler.  Increase 
the  quantity  of  water,  and  the  distance  to  which  the  shadow 
will  retreat,  will  also  be  increased.     . 

It  is  necessary  to  observe,  that  only  those  rays  which  enter 
another  medium  obliquely,  suffer  refraction,  for  a  ray  which 
falls  perpendicularly  is  equally,  attracted  on  all  sides,  and 
therefore  has  no  tendency  to  deviate  in  any  direction.  In  the 
experiment  with  the  shilling,  the  spectator  looks  at  it  in  an 
oblique  direction ;  and  the  rays  proceeding  from  it,  by  which 
it  is  rendered  visible  after  the  water  has  been  poured  in,  are 
bent  towards  him,  on  entering  the  air.  A  ray  of  light,  AC, 
fig.  7,  pi.  I,  which  passes  obliquely  from  the  air  into  water  at 
C,  instead  of  continuing  its  course  to  B,  takes  the  direction 
CH ;  and  the  reverse  is  equally  true,  a  ray  of  light  from  H, 
reflected  in  the  direction  HC,  instead  of  continuihg  its  rectili- 
near couf se,  proceeds  in  the  direction  CA ;  therefore  an  object 
at  H  is  seen  by  an  eye  at  A,  as  if  it  were  actually  at  B«  every 


I  ^ject  appearing  to  be  in  the  direction  of  those  rays  which  last 
approached  the  eye. 

That  the  raya  of  light  actually  proceed  in  the  dJrectioa 
ascrib&d  to  them,  is  no!:.qaerely  a  matter  of  Epeculatioa  ;  we 
Biay  have  ocular  demonstration  of  the  fact  in  a  variety  of  ways, 
of  which  the  following  is  one  :  Take  an  empty  basin,  and  on 
the  bottom  of  it  iix  marks  at  a  small  distance  from  each  other, 
then  take  it  into  a  dark  room,  and  let  in  a  ray  of  light,  and 
where  the  rays  fall  npon  the  floor,  place  the  basin,  bo  that  its 
marked  diameter  may  point  towards  the  window,  ajid  that  the 
light  may  fall  upon  the  mark  most  distant  from  the  window. 
Pour  water  into  the  basin,  and  it  will  be  found  that  the  ray 
which  before  fell  upon  the  most  distant  mark,  will,  by  the 
refractive  power  of  the  water,  be  turned  out  of  its  straight 
course,  and  fall  two  or  three  marks  nearer  the  centre  of  the 
basin.  The  water  may  now  be  rendered  rather  turbid  without 
destroying  its  transparency,  which  may  easily  be  done  by  .the 
addition  of  a  few  drops  of  milk,  then  on  filling  the  room  with 
dust,  the  light  will  be  completely  visible,  both  in  its  passage 
through  the  air  and  tlie  water.  Three  directions  of  the  ray 
will  be  distinctly  perceived ;  the  direction  of  incidence,  or 
that  in  which,  from  the  aperture,  it  falls  obliquely  on  the 
water ;  that  of  reflection,  equal  to  that  of  incidence ;  and 
that  of  refraction,  which  commences  at  the  surface  of  the 
water,  and  ra  continued  in  a  direct  line  to  the  bottom  of 
the  basin.  All  things  remaining  the  same,  place  a  small 
piece  of  looking-glass  at  the  bottom  of  the  basin,  where 
the  refracted  beam  falls,  and  it  will  be  reflected  back 
again  through  the  water,  and  in  passing  out  of  the  water 
into  the  air,  will  be  again  refracted  or  turned  out  of  its 
course. 

The  greater  the  density  of  any  medium,  the  greater  is  ita 
refractive  power ;  and  of  two  refracting  media,  that  which 
is  of  an  oily  or  inflammable  nature,  will  have  a  greater  refract- 
ing power  than  the  other. 

The  incident  angle  is  the  angle  made  by  a  ray  of  light  and  a 
line  drawn  perpendicular  to  the  refracting  surface  at  the  point 
where  the  ray  enters  tlie  surface ;  and  the  refracted  angle,  is  the 
angle  made  by  the  ray  in  the  refracting  medium  with  the  same 
perpendicular  continued.  The  sine  of  the  angle  is  a  line  which 
serves  to  measure  the  angle,  being  drawn  from  a  point  in  one 
le"  perpendicular  to  the  other.  In  fig.  7,  pi.  1,  AuD  is  the  in- 
_  cideiit  angle  ;  HCE  is  the  refracted  angle ;  BCH  is  the  angle 
f  deviation ;  AF  is  the  sine  of  the  angle  of  incidence  ;  HG  is 
ftle  sine  of  the  angle  of  refraction. 
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IF  the  incident  ray,  AC,  fell  in  a  more  oblique  diTectkm 
than  is  represented  by  fig.  7,  the  refraction  would  be  stffl 
greater ;  bn(  i^  &11  cases  of  similar  media,  the  angle  of  refrac- 
tion will  always  be  found  to  bear  a  regular  and  constant  pro- 
portion to  the  angle  of  incidence;  or  in  the  language  of 
opticiansi  the  sine  of  incidence  is  to  the  *sine  of  refraction 
in  a  given  ratio  or  proportion,  and  this  ratio  is  discoTered 
by  experience.  In  the  present  instance,  if  with  a  pair  of 
compasses  we  divide  the  sine  of  incidence  into  four  parts, 
the  sine  of  refraction  will  be  exactly  tiiree  of  those  paitSt 
Hence,  when  a  ray  passes  out  of  air  into  water^  the*  ratio  ia 
aaid  to  be  as  4  to  S ;  wlien  out  of  water  into  air,  the  ratio  is 
terersed,  and  therefore  becomes  as  3  to  4.  The  ratio  out  of 
class  into  air  is  as  2  to  3 ;  consequently  out  of  air  into  glarn^ 
K  is  as  3  to  2. 

It  will  be  observed,  frotn  what  has  been  just  said,  that  in 
passing  into  a  denser  medium,  light  is  refracted  towards  the 
perpendicular^  that  is,  the  angle  of  refraction  is  less  than  the 
angle  of  incidence ;  on  the  contrary,  when  passing  into  a  rarer 
medium,  it  is  refracted^rom  the  perpendicular.  The  inspection 
of  fig.  7,  will  render  this  evident;  the  angle  of  incidence,  ACD, 
being  so  much  larger  than  the  angle  of  refraction,  ECH,  the 
refracted  ray  CH,  is  nearer  the  perpendicular  than  if,  proceed* 
ing  in  a  right  line,  it  had  gone  to  B. 

it  may  seem,  at  first  view,  a  little  extraordinary,  that  light 
should  pass  SK)re  directly  through  a  dense  than  through  a  rare 
medium ;  but  we  have  already  seen  that  light  is  subject  to 
attraction,  and  Sir  Isaac  Newton  discovered  and  demonstrated, 
that  this  power  is  the  cause  of  refraction.  A  circumstance  that 
confirms  the  truth  of  this  theory,  is  the  known  fact,  that  the 
change  in  the  direction  of  the  ray  commences,  not,  as  mieht 
be  supposed,  when  it  comes  in  contact  with  the  refracting 
medium,  but  a  little  before  it  reaches  the  surface,  and  the  in- 
curvation augments  in  proportion  as  it  approaches  the  medium 
Then  as  the  attractive  power  of  difierent  substances  are  propor 
tionate  to  their  densities,  we  discover  at  oilce  the  reason  or  the 
ray  being  bent  towards  the  perpendicular  on  entering  another 
medium  of  greater  density,  and  from  the  perpendicular,  on 
entering  a  medium  of  less  density. 

In  passing  from  a  dense  into  a  rare  medium,  however, 
there  is  a  certain  degree  of  obliquity  at  which  the  refraction  is 
changed  into  reflection.  In  other  words,  a  ray  of  light  will 
pot  pass  out  of  a  dense  into  a  rare  medium,  if  the  anri^  of 
fncraence  exceeds  a  certain  limit,  but  will  be  reflected  jback. 
Thus  a  ray  of  light  will  not  pass  out  of  glass  into  air,  if  the 


igle  of  incidence  exceeds  40"  i  1',  or  out  of  glass  into  water' 
if  tile  augle  of  incidence  exceeds  69"  '22'. 

A  knowledge  of  refraction  will  enable  ua  to  explain  a  variety 

T  curious  phenomena,  and  on  some  occasions  will  usefully 

irect  our  judgment.     When  a  spectator  stands  on  ihe  bank 

if  a  river,  just  above  the  level  of  the  water,  the  bottom  will  be 

•-third  deeper  than  it  appears.     This  is  a  necessary  conse- 

auence  of  the  rays  from   the   bottom  being  bent  from  the 

rpendicular,  and  conse<]uently  inclined  towards  the  specta- 

■,  on  oassing  out  of  the  water  to  his  eye.     Those  who  shoot 

ifiGh  in  tile  water,  soon  obtain  a  practical  knowledge  of  this 

^eption,   for  they   hnd   that   they  cannot  hit  their  mark, 

mleas  they  aim  considerably  below  the  place  which  it  seems 

>  occupy.     A  proof  of  the  fact  may  very  easily  be  obtained  : 

lerse  a  slick  or  straight  rod  of  any  kind,  perpendicularly  in 

it,  until  the  part  which  is  immersed  appears  of  equal  length 

rith  the  part  above;  upon  taking  it  out  and  measuring  the 

will  be  found  that  they  are  to  one  another  as  4  to  3. 

now  have  no  difhculty  in  accounting  for  the  broken 

Hce  of  an  oar,  when  partially  immersed  in  water.     Let 

,  fig.  8,  pi.  il,  represent  an  oar,  the  part  GH  being  in  the 

■.and  tlie  part  GF  out  of  it.     The  rays  sent  to  the  eye 

H,  will  appear  to  come  from  I,  nearer  to  the  surface  of 

e  water,  and  as  every  part  of  GH  will  appear  proportionately 

narer  the  surface,  the  part  GH  will  appear  to  make  an  angle 

Fiftilh  the  part  GF. 

It  is  not  merely  objects  that  are  partly  out  of  water,  which 

B  their  natural  appearance  from  refraction;  those  which  are 

Mtirely  immersed,  especially  when  they  are  large,  and  lie  at  a 

wnsiderable  depth,  appear  distorted  in  a  variety  of  ways.     A 

Wt-buttomed  basin  seems  deeper  in  ihe   middle  than  at  the 

iind  a  longstraight  leaden  pipe  appears  to  be  curved.  The 

Il  is,  that  the  rays  from  the  more  distant  extremities  cime 

iiore  oblique  direction  on  their  emergence  into  the  air, 

b'4it)d  consequently  suffer  a  greater  refraction  ihan  the  rest. 

The  distortion  of  objects  sesn  through  a  wrinkled  or  crooked 

'   of  a   window,   can   have   escaped    the   observation   of 

i  it  arises  from  the  unequal  refraction  of  the  rays  which 

Itpaiss  tlirough  the  glass.     In  looking  through  an  even  pane  of 

1<glass,  about  the  tenth  of  an  inch  thick,  objects  appear  nearly 

tone- thirtieth  part  of  an  inch  out  of  tlieir  true  place;  but  as 

Y  all  maintain  the  same  relative  situation,  the  error  is  not 

F.jperceived. 

A  stranger  to  this  subject  would  scarcely  suspect,  that  we 
never  see  the  stars  in  the  place  where  they  really  are,  and  that 
we  actually  see  the  8un,  and  other  heavenly  bodies,  before  they 
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are  risen  above  the  horizon.  Our  atmosphere  decreases  in 
density  as  it  increases  in  height,  and  though,  at  the  tops  of 
the  highest  mountains,  its  pressure  is  so  diminished,  tliat 
breathing  is  difficult,  and  the  blood  often  gushes  through  the 
skin,  yet,  at  the  elevation  of  forty-five  miles,  it  is  still  capable 
of  refracting  a  tay  of  light.  When,  therefore,  the  sun  is  sunk 
so  far  below  the  horizon,  that  his  rays  can  only  strike  the 
upper  part  of  the  atmosphere,  he  still  remains  visible,  because, 
instead  of  passing  directly  onward,  the  rays  are  attracted 
towards  the  perpendicular,  and  consequently  bent  towards  the 
spectator  on  the  earth.  To  exhibit  this  efiect  to  the  eye,  let 
fi^.  9,  represesent  the  earth  surrounded  by  its  atmosphere. 
ELO  is  the  visible  horizon  of  a  spectator  standing  at  P.  S  re- 
presents the  sun  as  yet  really  below  the  horizon,  from  which 
a  ray  of  light  ascends«  and  mlling  on  the  upper  part  of  the 
atmosphere,  is,  by  the  attraction  it  there  experiences,  bent  out 
of  its  direct  course  towards  D,  into  the  oblique  one  IP,  by 
which  means  it  falls  upon  the  eye  of  the  spectator,  who,  per- 
ceiving the  sun  in  tne  direction  of  the  refracted  ray,  will 
suppose  it  to  be  at  R,  which  is  higher  than  its  true  place  by 
more  than  a  diameter.  The  length  of  time  that  the  sun 
appears  above  the  horizon,  while  he  is  actually  below  it,  varies 
a  little  with  a  number  of  circumstances,  but  chiefly  with  a 
difference  of  latitude.  At  the  approach  of  summer,  near  the 
poles,  the  sun  becomes  constantly  visible  for  two  or  three  weeks 
before  he  actually  rises  above  the  horizon ;  and  at  the  approach 
of  winter,  when  he  has  sunk  below  the  horizon,  his  presence, 
from  refraction,  continues  to  cheer  these  dreary  regions  for 
.a  similar  space  of  time.  The  heavenly  bodies,  when  in  the 
zenith,  are  not  subject  to  any  refraction ;  but  when  in  the 
horizon,  they  have  the  greatest  of  all :  from  the  horizon  to  the 
zenith,  the  refraction  continually  decreases. 

Mankind  have  availed  themselves  of  the  principle  of  refrac- 
tion, to  a  most  excellent  purpose,  in  the  construction  of  lenses ; 
for  by  grinding  the  glass  thinner  at  the  edges  than  in  the  mid- 
dle, those  rays  of  light  which  would  strike  upon  it  in  a  straight 
line,  or  perpendicularly,  if  it  were  plain,  strike  upon  it  ob- 
liquely, ancl  the  refraction  they  suffer  causes  them  to  converge ; 
on  the  contrary,  by  making  the  glass  thinner  in  the  middle 
th^n  at  the  sides,  the  rays  are  refracted  the  contrary  way,  and 
therefore  become  divergent. 

The  consideration  of  refraction  through  lenses  may  perhaps 
be  rendered  more  clear,  if  we  reflect,  that  all  curved  surfaces  are 
composed  of  a  number  of  straight  lines,  or  points,  infinitely 
short,  and  inclining  to  each  other  like  the  stones  in  the  arch  of 
a  bridge      In  fig.  10,  pi.  II,  parallel  rays  are  represented  as 


falling  upon  a  surface  of  this  sort ;  and  it  is  evident  that  those 
only  which  enter  the  middle  part  will  go  on  in  a  straight  dir 
tion  ;  those  which  strike  the  sides  will  strike  them  obliquf 
and  will  consequently  be  made  to  converge.     If  the  Burfac*^ 
theu,  was  a  perfect  curve,  as  in  fig.  1 1,  it  is  plain  that  oaly  tl 
ray  which  strikes  the  centre  part  of  the  curve  will  enter  it  ii 
straight  direction  ;  all  the  rest  will  be  Diore  or  less  refrac 
according  to  the  degree  of  obliquity  with  which  they  si 
the  surface,  and  the  whole  of  the  refracted  rays  will  convei 
to  a  point  called  the  focus.     , 

Glasses  are  usually  ground  for  optical  purposes  into  ei^hfe^ 
different  forms.  1.  The  glass  may  be  flat  on  both  sides,  like- 
the  pane  of  a  window.  2.  It  may  be  flat  on  one  side,  aad 
convex  on  the  other.  3.  It  may  be  convex  on  both  sides. 
4.  It  may  be  flat  on  one  aide,  and  concave  on  the  other,  5. 
It  may  be  concave  on  both  sides.  6.  It  may  be  convex  on 
one  side,  and  concave  on  the  other,  like  the  crystal  of  a  watch. 

7.  It  may  have  one  side,  which  must  be  convex,  ground  into 
little  facets,  while  the  other  side  is  plane.     8.  It  may  have 
some  considerable  length,  in  a  triangular  form. — The  sectioas«  ■ 
of  these  various  forms  of  glasses  are  shewn  at  fig  12,  pi.  I(*  )l 
and  they  are  distinguished  by  the  following  names:  the  glass 
No  I,  is  called  a  p/aiie  glass,  as  its  sides  are  parallel ;  No.  3^ 

is  called  a  plano-convex  elass;  No.  3,  a  double-convex  glass; 
No.  4,  a  plano-concave  glaas;  No.  5,  &  double-concave  glass; 
No.  6,  a  meniscus  glass;  No.  7,  a  mulliplying  glass;  and  No. 

8,  ^  priitn.  The  term  lens  is  given  to  such  glasses  as  either 
magnify  or  diminish  the  apparent  size  of  objects  viewed 
through  them ;  Nos.  2, 3,  4,  and  5,  are  therefore  lenses ;  No.  6 
is  also  a  lens,  v^hen  its  surfaces  are  portions  of  difl'erent 
spheres;  but  when  they  are  of  equal  radii,  it  has  only  tha^ 
etfect  of  a  plane  glass. 

From  the  view  we  have  already  given  of  refraction,  t 
effei'ts  of  the  first  seven  of  these  glasses  will  be  easily  undi 
stood. — The  prism  will  receive  a  distinctive  consideration. 
ray  entering  the  plane  glass,  No,  1,  will  indeed  be  refracted*.* 
but  it  will  sufl'er  another  refraction  on  its  emergence,  whi 
will  rectify  the  former;  the  place  of  the  object  will  therefo^ 
be  a  tittle  altered,  but  its  figure  will  remain  the  same.     Su| 
pose  AB,  fig.  13.  to  represent  a  solid  piece  of  glass  with  t 
parallel  surfaces,  an  incident  ray  EF,  will  be  refracted  ioto 
FG,  and  FG  will  be  refracted  on  passing  from  the  second  sur- 
face into  GH,  parallel  to  the  original  direction  EF, 

If  parallel  rays  enter  the  plano-convex  glass,  as  shewn  Ira 
fig.  11.  the  ray  E  will  be  refracted  upwards  to  F,  the  ray  K 
will  be  refracted  downwards  to  tlie  same  point;  Lherfi  Uiey 
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will  tfo»8»  itn^  di€ti  go  onwattl  in  a  straight  line*  and  coBtinue 
to  diverge,  till  intercepted  by  Bome  obstacle. 

When  parallel  rays  fall  upon  a  douUe-eoavex  glass,  KG, 
they  will  be  refraicted  still  more  abruptly,  and  meet  sooner  in 
a  point  or  principal  focas  at  F%  The  distance  of  this  focus  is 
equal  lo  the  senii^diameter  of  the  circle  which  the  convexity 
^t  the  glass  continued  Wofild  produce.  Either  this  glass  or 
thie  former,  as  they  collect  th)e  rays  of  the  sun  into  a  point, 
tvill  burn  at  that  point,  the  whole  force  of  the  rays  that  past 
through  them  being  concentrated  there. 

From  iall  luminous  ojbjects,  the  rays  cf  light  procee<l  in  a 
State  of  divergence ;  but  when  the  distance  from  which  tlbey 
^me  is  very  great>  the  quantity  of  divergence  is  too  small  to 
require  notice.  The  sun,  for  e^caniple,  is  so  immeBsely  dis- 
tant, that  his  rays  are  always  considered  as  parallel;  and  it  is 
only  parallel  rays  which  are  converged  to  a  focus^  m  the  man- 
ner snewn  above.  Divergent  rays,  proceeding  from  a  point* 
as  the  flame  of  a  candle,  will  be  diSierently  affected.  If,  there- 
fore, we  place  a  candle  exactly  at  the  focal  distance  of  a  sibg^e 
or  double-convex  lelis,  as  at  F,  figs.  11  and  14,  the  rays  will 
emerge  parallel  to  each  other.  If  the  candle  is  placed  nearer 
to  the  glass  than  its  focal  distance,  the  rays,  after  passing 
.through  the  glass,  will  no  longer  be  parallel,  but  separate  or 
diverge ;  if  the  candle  be  placed  still  further  off,  the  rays  will 
then  strike  the  glass  more  nearly  parallel,  and  will,  therefore, 
tipon  passing  through,  converge  or  unite  at  a  distance  behind 
tne  glass,  more  nearly  approaching  the  distance  at  which  pa- 
rallel rays  would  be  converged. 

After  the  rays  have  united  or  converged  to  a  focus^  they  will 
cross  each  other,  and  form  an  inverted  picture  of  the  flatne  of 
a  candle,  which  may  be  received  on  a  piece  of  paper  placed  at 
the  meeting  of  the  rays  behind.  The  cause  of  the  inversion 
of  the  image  is  therefore  very  evident;  for  the  upper  rays,  after 
refraction,  werfe  such  as  came  from  the  under  part  of  the  lumi- 
nous body ;  and  the  under  tays,  on  the  contrary,  came  from 
Ihe  upper  part. 

The  foregoing  theory  may  be  demonstrated  with  a  common 
r&ading  glass.  If  a  candle  be  held  so  near  a  glass  of  this  sort, 
that  the  rays  passing  through,  fall  upon  a  screen  or  wall  with 
a  bright  spot  just  as  large  as  the  glass  itself,  the  candle  is 
then  at  the  focal  distance,  and  it  is  clear  that  the  rays  which 
Mruck  the  glass  divergentlv,  are  refracted  parallel,  or  the  spot 
of  light  could  not  be  Just  tne  siie  of  the  glass.  If  the  candle 
is  held  nearer  than  the  focal  distance,  the  rays  will  then  fall 
knore  divergently  upon  the  glass,  and  will  consequently!  after 
irefiraction,  still  have  so  much  divergence  as  to  form  a  very 
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~1troad  Spot  of  lig:ht  upon  the  screen.  If  the  candle  be  held  at 
B  much  greater  distance  than  the  focuR,  the  rays  will  fall  upon 
the  glass  more  neaHy  parallel ;  and  therefore,  when  they  are 
refracted,  they  tend  to  unite  and  converge  behind  the  glass, 
and  will  form  upon  the  screen  a  small  speck  of  vivid  light, 
wliich,  if  closely  examined,  will  appear  a  perfect  image  or 
picture  of  the  candle. 

In  looking  through  a  plano-convex  or  double-convex  lens, 
the  objects, we  examine  will  appear  magnified;  consonantly 
with  the  general  rule,  that  we  see  every  thing  in  the  direction 
of  that  line  in  which  the  rays  last  approached  the  eye ;  and  it 
will  be  understood  when  we  come  to  treat  of  the  eye,  that  the 
larger  the  angle  under  which  any  object  is  seen,  the  larger 
that  object  will  appear.  That  the  convergence  of  the  rays 
of  the  convex-lens,  enlarges  greatly  the  angle  of  vision, 
and  consequently  enlarges  the  apparent  size  of  objects  seen 
through  it,  will  be  evident,  if  we  continue  the  lines  in  the 
direction  of  their  convergence,  thus,  FK  to  L,  and  FG  to  R, 
fig.  14. 

From  lenses  the  reverse  in  form  to  those  we  have  hitherto 
been  considering,  ive  shall  naturally  expect  opposite  effects. 
Accordingly,  the  attractive  and  refractive  powers  of  the  lensea, 
Nos.  4  and  6,  fig.  12,  are  not  towards  the  centre,  but  towards 
the  circumference.  Parallel  rays  falling  upon  them  are  made 
to  diverge,  or  are  disperaed.  Rays  already  divergent  are  ren- 
dered more  bo,  and  convergent  rays  are  made  less  convergent. 
Hence  objects  seen  through  one  of  these  glasses  appear 
smaller  than  to  the  naked  eye.  Thus,  let  a  b,  fig.  15,  pi.  II, 
represent  an  arrow,  which  would  be  seen  by  the  eye,  if  no 
lens  were  before  it,  by  the  convergent  rays  c«,i  6;  but  if 
the  double-concave  glass  DU  is  interposed  between  the  ob- 
ject and  the  eye,  the  ray  a  c  will  be  bent  towards  g,  and  tht 
ray  b  i  will  be  bent  towards  k,  and  consequently  both  will 
be  useless,  as  they  do  not  enter  the  eye.  Tha  object  then 
will  bo  seen  by  the  rays  ao,br,  which,  on  entering  the  glass, 
will  be  refracted  into  the  lines  o  c  and  r  t;  and  according  to 
the  rule  just  laid  down,  the  object  will  be  seen  in  the  last 
direction  of  these  rays;  therefore,  as  the  angle  o  c  r,  is  so 
much  smaller  than  the  angle  a  c  b,  tlie  arrow  necessarily  ap- 
pears diminished,  and  as  with  the  diminution  of  its  apparent 
size,  we  connect  the  idea  of  its  being  further  o3',  it  seems  to 
be  at  the  distance  r  m. 

The  meniscus  acts  like  a  convex  glass,  when  it  ia  thiokett 
in  the  middle,  that  is,  when  its  convex  surface  is  a  portion  of 
a  less  sphere  than  its  concave  one :  on  the  contrary,  when  it 
it  thinnest  in  the  middle,  or  hai  its  concftve  surface  a  portion 
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of  a  less  sphere  than  the  other,  it  has  the  effect  of  a  concave 
lens.  Sometimes^  to  distinguish  these  different  forms  from 
each  other,  when  the  slass  magnifies,  it  is  called  a  convexo 
concave  lens ;  when  it  diminishes  the  apparent  size  of  objects, 
it  is  called  a  concavo-convex  lens ;  and  the  term  meniscus  is 
restricted  to  such  as  have  both  their  surfaces  equally  arched, 
and,  therefore,  like  the  crystal  of  a  watch,  neither  magnify 
nor  diminish. 

The  axis  of  a  lens,  is  a  line  supposed  to  be  drawn  through 
the  centre  of  its  spherical  surface  or  surfaces.  When  one  side 
of  the  lens  is  plane!,  the  axis  of  course  falls  perpendicularly 
upon  that  side.  The  axis  of  a  lens  continued,  would  pass 
exactly  through  the  centre  of  that  sphere,  of  which  the  lens  is 
the  segment.  This  will  be  apparent  from  an  inspection  of  figs. 
11  and  14,  and  in  fig.  12,  aline  is  drawn  representing  the  axis 
of  the  lenses.  When  opticians  mention  the  focal  distanceof 
a  convex  lens,  they  mean  the  focus  of  parallel  rays  ;  but  when 
they  wish  to  be  more  precise,  the  focus  of  parallel  rays  is  dis- 
tinguished by  the  term  principal  focus.  Mathematicians  de- 
monstrate, that  the  principal  focus  of  a  plano-convex  lens  is 
at  a  distance  from  the  convex  surface  equal  to  the  diameter  of 
the  sphere  of  which  it  is  a  part;  and  that  the  principal  focus  of 
a  double  and  eaually  convex  lens  is  at  half  tne  same  distance. 
The  principal  locus  of  these  lenses  may  therefore  be  found, 
with  sufficient  accuracy  for  comnifon  purposes,  by  holding  a 
sheet  of  paper  behind  the  glass,  when  exposed  to  the  rays  of 
the  sun,  ana  observing  when  the  spot  is  smallest,  and  when 
the  paper  most  readily  burns.  Or  when  the  focal  distance 
does  not  exceed  two  or  three  feet,  it  may  be  found  by  holding 
the  glass  at  such  a  distance  from  the  wall  opposite  a  window, 
that  the  image  of  the  sash  may  appear  distinct  upon  the  wall. 
When  accuracy  is  desirable,  and  the  focal  distance  exceeds 
two  or  three  feet,  the  following  method  may  be  pursued :  cover 
the  lens  with  a  piece  of  paper  or  pasteboard,  in  which  two 
round  holes  have  been  made ;  each  hole  being  at  an  equal  dis- 
tance from  the  edge  of  the  lens,  and  in  one  of  its  diameters. 
Direct  the  axis  of  the  lens  thus  covered  to  the  sun,  and  receive 
upon  a  piece  of  paper  the  circles  or  white  spots  produced  bv 
the  two  holes,  wnich  will  be  observed  gradually  to  approacn 
each  other  as  the  paper  is  moved  farther  off;  at  last  they  will 
coincide ;  and  if  the  distance  of  the  lens  from  the  paper  be  in- 
creased, they  will  again  separate.  The  distance  of  the  paper 
from  the  glass,  when  the  circles  coincide,  is  the  focal  distance 
required. 

When  a  lens  is  more  convex  on  one  side  than  the  other, 
and  both  radii  are  known,  the  following  rule  will  determine 


the  focus:  aa  the  sum  of  the  radii  of  both  convexities,  is  to 
the  radius  of  either,  so  is  double  the  semi-diameter  of  the 
other  to  the  distance  of  the  focus  ;  or  divide  the  double  pro- 
duct of  the  radii  by  their  sums,  and  the  quotient  will  be  the 
distance  sought. 

As  convex  lenses  cause  many  rays  to  enter  the  eye  which 
would  otherwise  have  been  scattered  and  dispersed,  the  objects 
seen  through  them  appear  clearer  and  more  splendid  than  when 
viewed  by  the  naked  eye.  They  should  always  be  made  as  ihiu 
AS  their  curvature  will  admit,  otherwise  the  brilliancy  of  the 
image  will  be  lessened  without  necessity,  by  the  rays  which, 
though  they  enter  the  glass,  are  reflected  or  sent  back. 

A  Targe  object,  seen  through  a  lens  which  is  very  convex, 
appears  more  or  less  distorlea ;  this  proceeds  from  the  refrac- 
tion not  being  equal  at  all  points,  and  the  degree  of  it  is  pro- 
portionate to  the  size  of  the  object  compared  with  the  focus 
of  the  glass.  When  the  object  is  not  much  too  large,  its  ex- 
tremities only  appear  confused. 

To  ascertain  tne  focal  distance  of  a  globular  glass'  vessel 
containing  water,  such  ns  a  decanter,  make  a  round  hole, 
about  an  inch  diameter,  in  a  piece  of  brown  paper,  which  must 
then  be  pasted  on  one  side  of  the  body  of  the  decanter  j  hold 
the  covered  side  of  the  decanter  to  the  snn,  that  the  perpen- 
dicular rays  may  pass  through  the  middle  of  the  water,  and  the 
emergent  rays  will  be  collected  to  a  focus,  whose  nearest  dis- 
tance from  tne  decanter  will  be  nearly  equal  to  the  radius  of 
the  body  of  it,  as  will  appear  by  receiving  the  rays  upon  a 
paper  held  at  that  distance.  That  this  effect  is  owing  to  the 
water,  and  not  to  the  glass,  may  be  proved  by  emptying  the 

^decanter;  for  the  light  that  then  passes  through  the  hole,  will 

oe  as  broad  as  the  hole  itself,  at  all  the  distances  of  the  paper 

from  the  decanter,  a  circumstance  of  which  we  might  also  be 

ensured,  from  considering,  that  the  sides  of  the  empty  decan- 

Wi^T  can  only  act  like  two  meniscus  glasses  plac'ed  at  a  little 

^  distance  from  each  other.     If  a  solid  alobe  or  ball  of  gluss,  be 

f  covered  and  tried  like  the  decanter,  the  distance  of  the  focus 

I  ifrom  the  nearest  part  of  the  ball,  will  be  one  quarter  of  its 

^  dfameter. 

'  Parallel  rays,  on  passing  through  a  single  or  double-con- 
cave lens,  immediately  diverge  ;  hence  the  term  focus  cannot 
be  applied  to  a  concave  lens,  in  the  same  sense  as  to  a  convex 
lens.  A  concave  lens  has  only  what  is  termed  a  virtual  focut, 
the  distance  of  which  from  its  surface,  is  the  same  as  that  of 
a  convex  lens  of  equal  radius,  but  it  is  before  the  glass,  be- 
cause it  denotes  that  point  from  which  the  rays,  after  their 
last  refraction,  appear  to  diverge.     To  tind  the  focal  distance 
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of  a  concave  lens^  let  the  lens  b&  coTered  with  a  piece  of  papet « 
containing  two  small  circular  holes;  and  on  the  paper  for  n^ 
ceiving  the  light,  describe  also  two  small  circles,  but  with  tbtir 
centres  twice  as  far  apart  as  the  centres  of  the  circular  bolea., 
Move  the  paper  backwards  and  forwards,  till  the  middle  of  thf 
sun's  light,  coming  through  the  holes,  falls  exactly  on  the 
middle  of  the  circles,  and  the  distance  of  thft  paper  froia  th« 
lens  will  then  be  the  focal  length  required. 

To  find  the  vertex  or  centre  of  a  lens,  hoU  it  at  soxne  dli« 
tance  from  the  eye,  and  observe  the  two  reflected  images  of 
a  candle  made  by  the  two  surfaces.  Move  the  leas  till  theset 
images  coincide^  and  the  point  of  coincidence  is  the  vertetX;» 
which,  if  in  the  middle  of  the  surface,  the  glass  is  truly 
centred. 

To  understand  the  effect  of  the  multiplying  glass,  No^  7^ 
fig.  12,  pi.  II,  it  is  only  necessary  again  to  revert  to  the  gene-^ 
ral  principle,  that  objects  appear  in  the  direction  of  the  \in» 
last  described  by  the  rays  tnat  render  them  visible.  Hencea 
if  the  object  B,  fig.  1,  pi.  Ill,  is  seen  through  the  slass  EH, 
by  the  ray  BA,  that  passes  through  the  surface  FG,  the  ob« 
ject,  by  the  eye  at  A,  will  be  seen  at  B ;  the  ray  BG  passes 
through  the  surface  GH,  and  after  refraction,  comes  to  the  eye 
in  the  direction  AD,  as  if  it  proceeded  from  D,  and  therefore 
the  object  appears  at  D;  and  for  the  same  reason,  through  the 
surface  FE,  it  appears  at  C ;  consequently,  there  will  be  the 
appearance  of  as  many  objects  as  there  are  flat  surfaces  on  the 
glass,  for  each  of  them  snews  the  same  object  in  a  difierent 
place. 

To  become  familiar  with  the  laws  of  refraction,  and  the  pro«* 

f>erties  of  leases,  the  student  should  make  experiments  with 
enses  of  different  foci,  diameters,  and  colours.  The  room 
should  be  darkened,  and  the  sun's  rays  admitted  through  aa 
aperture  cut.  in  the  shutter,  or  through  a  tube  placed  in  the 
shutter,  and  moveable  in  any  direction.  The  lenses  should  he 
fitted  into  cells  connected  with  a  sliding  board,  or  adapted  to 
convenient  frames.  B^  these  means,  the  lenses  may  be  com* 
bined  in  any  way  required.  It  would  be  proper,  also,  to  have 
lenses  ground  to  the  figure  of  a  meniscus,  or  watch-glass,  and- 
fitted  up  so  that  two  or  more  of  them  might  be  connected  in 
one  frame,  with  a  view  to  include  fluids  between  them,  and 
thus  exemplify  the  refractive  powers  of  fluid  lenses.  The  dust 
usually  in  motion,  will,  in  the  darkened  room,  give  the  Tarione 
and  natural  figures  of  the  converging  and  diverging  pencUi 
of  rays. 


Of  the  ReftexibilU^  of  Light, 

The  disposition  or  capability  ofthe  rays  of  light  to  be  turned  . 
back  into  the  medium  I'roiu  whence  ihey  came,  is  called  their  1 
rejUxibiliiif:  the  change  of  direction  produced  by  their  beioa J 
actually  turned  back,  ia  called  re/lection.  i  ■ 

Theproperty  which  bodies  possess  of  reflecting  light,  iealtrf^  jl 
buted  by  Sir  Isaac  Newton  to  the  principle  of  repulsion.     Id  I 
confirmation  of  this  theory,  it  is  justly  remarked  by  him,  thatfj 
those  surfaces,  which  to  our  senses  appear  smooth  and  pa4l 
lished,  are   found,  when   viewed   through  a  microscope,  torV 
abound  with  inequalities;  if,  therefore,  the  power  which  proMjl 
duces  reflection,  did  not  act  at  some  distance  from  tlie  reflect-l 
ing  surface,  these  inequalities  would  prevent  the  ruys  from  f 
being  reflected  with  so  much  regularity  as  we  find  they  a 
Other  theories  have  been  proposed,  to  account  for  redectiooj  1 
but  none  of  them  appears  more  probable  in  itself,  or  so  recoil*.  I 
cileable  with  the  facts  connected  with  this  properly  of  lighufl 
But  however  well  founded  the  opinion,  that  light  is  reflected  ■ 
by  the  power  of  repulsion,  and  consequently  before  it  come*  I 
into  absolute  contact  with  the  reflecting  surface;  it  will  not  be  ' 
necessary  to  introduce  the  circumlocution  required  to  express 
this  idea,  in  treating  of  the  general  phenomena;  the  incident 
rays  will  always  be  spoken  of  as  actually  impinging  on  the 
reflecting  body,  from  which  they  rebound,  as  a  perfectly  elastic 
ball  would  rebound  from  a  marble  slab. 

All  objects  which  are  not  themselves  luminous,  are  rendereii  I 
visible  by  reflection.  Even  glass,  crystal,  water,  and  the  motft  f 
pellucid  media,  reflect  a  part  of  the  rays  of  bght  which  fall  oal 
them,  or  their  forms  and  substance  could  not  be  distinguished^  f 
on  the  contrary,  the  whole  of  the  incident  light  is  not  refiectedl 
from  any  surface,  however  bright,  smooth,  and  opaque.  It  tfrl 
calculated  that  the  best  mirrors  reflect  little  more  than  half-a 
the  light  they  receive. 

From  the  account  we  have  given  of  refraction  and  othei 
properties  of  light,  the  student  is  already  fully  apprized,  that 
it  is  the  rnya  emanating  from  any  given  point,  which  assure 
our  sight  of  the  existence  of  a  body  at  that  point ;  and  that, 
as  in  ttie  instance  of  a  fish  in  the  water,  if  the  direction  of  th4 
rays  be  changed  in  any  manner,  the  sense  of  sight,  always  r_ 
ferring  the  place  of  nn  object  to  the  point  in  toe  direction  a 
the  last  course  of  the  rays,  is  easily  deceived,  and  will  su^ 
pose  an  object  to  be  where  it  is  not.  This  it  wilt  be  necessacyl 
to  bear  constantly  in  mind  while  we  pursue  our  present  sum  y 
ject;  for  in  connection  with  another  law  of  nature,  it  forms  tha  f 
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key  by  which  all  the  phenomena  of  reflection  are  explained. 
The  other  law  to  whicn  we  allude,  is,  that  the  angle  of  refkc^ 
iion  is  always  equal  to  the  angle  of  incidence.  In  fig.  6,  pK  I, 
a  cf  is  an  incident  ray,  falling  upon  the  surface  ef  from  which 
it  is  reflected  in  the  direction  db:  hence  the  angle  of  inci- 
dence, a  d  c/\^  exactly  equal  to  the  angle  of  rieflection  b  de^ 
from  on  either  side  of  the  perpendicular  c  d,  the  obliquity  of 
the  ray  is  the  same,  and  consequently  when  the  reflecting  sur- 
face is  a  plane,  the  obliquity  of  the  line  of  incidence  and  re- 
flection are  also  eaual,  when  measured  from  it.  It  is  only  the 
rays  which  fall  obliquely  upon  a  reflecting  surface,  that  are 
reflected  in  an  angle  to  their  direction  of  incidence;  those 
rays  which  fall  perpendicularly,  return  in  precisely  the  same 
direction. 

To  pursue  the  consequences  deducible  from  these  principles, 
or  their  application  to  particular  eff*ects,  will  soon  shew  how 
much  depends  upon  them.  Let  NO,  fig.  2,  pi.  Ill,  be  con- 
sidered as  a  ray  of  light  striking  perpendicularly  on  the  sur- 
face of  the  mirror  AB,  and  it  is  reflected  back  in  the  same 
line.  The  ray  DO,  coming  from  the  luminous  body  D, 
strikes  the  mirror  obliquely,  and  is  reflected  to  the  eye  in 
the  line  OE,  thus  making  the  angle  of  reflection,  NfOE, 
equal  to  the  angle  of  incidence  DON,  and  the  object  is  seen 
at  S,  in  the  direction  of  the  reflected  ray.  To  be  a  little 
more  explicit,  with  regard  to  the  last  particular,  it  must  be 
recollected,  that  an  object  is  rendered  visible,  not  by  single 
rays  proceeding  from  every  point  of  its  surface,  but  by  pen- 
cils of  rays,  or  collections  of  divergent  rays  issuing  from 
every  point.  These  pencils  of  rays  are  afterwards,  by  the 
refractive  powers  of  the  eye,  converged  again  to  points 
upon  the  bottom  of  the  eye  or  retina,  and  these  points  of 
convergent  rays  in  the  eye,  are  correspondent  to  the  points 
of  the  objects,  from  which  the  rays  diverged.  Hence,  as  the 
pencils  of  rays  strike  the  mirror  while  they  are  in  their  diver*^ 
gent  state,  irom  the  equality  of  the  angles  of  incidence  and 
reflection,  they  are  reflected  in  ihe  same  state,  and  converge 
exactly  as  they  would  have  done  if  they  had  not  been  inter- 
cepted by  the  mirror,  but  had  gone  on  to  O,  a  distance  equal 
to  the  incident  and  reflected  course  taken  together.  In  con- 
sequence of  this  identity  in  the  convergence  of  the  rays,  and 
the  general  rule  that  the  place  we  assign  to  objects  is  in  the 
last  direction  of  the  rays,  the  two  lines,  namely,  that  from  the 
object  to  the  mirror,  and  that  from  the  mirror  to  the  eye,  are 
united  in  the  mind  of  the  spectator,  and  the  object  is  conse- 
{{uently  seen  at  S,  just  as  far  behind  the  mirror  as  the  object 
is  before  it.    Another  figure  will,  perhaps,  render  this  more 
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evident:  the  lines  DC,  Dg.  3,  pi.  Ill,  are  the  lines  of  incidence^, 
CB  are  the  lines  of  refltctioii,  and  these  form  equal  angles  oa 
the  suTface  of  the  mirror,  so  thai  alt  ttie  rays  coining  from  the 
object,  and  falling  upon  the  mirror  at  C,  will  strike  the  eyfl' 
at  B,  and  the  reflected  image  will  thus  become  visible.  Now 
every  object  appears  to  be  in  a  straight  line  from  the  ^ye,  and 
as  no  nlleration  is  made  in  the  relative  position  of  the  rays, 
but  only  in  their  direction,  the  body  DD,  when  it  comes  re-, 
riected  to  the  eye,  will  appear  to  be  at  AA,  because  rays  from 
thence  would,  at  the  mirror,  exactly  coincide  with  the  mys, 
DC,  DC.  and  would,  by  the  time  they  arrived  at  BB,  be  con-. 
verged  to  an  equal  focus. 

Hence  we  shall  not  find  it  difficult  to  understand  why  a  man  . 
may  see  his  whole  Rgure  in  a  [)lane  looking-glass  only  half  aa  , 
long  and  half  as  broad  as  himself;  for  the  miage  is  seen  under  ■ 
an  angle  as  large  as  the  life:  the  mirror  is  exactly  half  way> 
bclM-een  the  image  and  the  eye,  and  therefore  the  divergent 
rays,  by  which  the  image  is  geen,  only  cover  at  the  glass,  ai 
space  equal  to  half  the  size  of  the  man  himself.  I 

When  light  is  reflected  from  convex  or  concave  mirrors,  iti 
obeys  precisely  the  same  law  as  from  plane  mirrors,  howevet 
extraordinary  the  effects  they  produce  may  al  Brat  fizht  appear. 
To  understand  the  manner  in  which  they  act,  it  will  be  proper, 
.to  recur  to  an  observation  formerly  made  respecting  spherical 
surfaces:  all  curves  or  arches  are  to  be  considered  as  com- 1 
posed  of  a  multitude  of  in5nitely  short  lines  or  points,  lying, 
obliquely  to  one  another.  Parallel  rays,  therefore,  fall  upOA' 
them  more  or  less  obliquely  at  every  point  of  incidence  except  < 
the  centre.  This  part  of  the  subject  may  perhaps  be  best  eluci 
dated,  if  we  consider,  in  the  hrst  place,  the  direction  given  to, 
rays  which  fall  upon  two  plane  mirrors  inclined  to  each  olher- 
in  opposite  directions.  Thus,  in  fie-  4,  pt.  Ill,  the  rays  AB, , 
CD,  which  would  fall  perpendicnlany  on  a  flat  surface  in  the 
direction  IK,  strike  obliquely  upon  that  which  is  opposed  toi 
them,  and  instead  of  being  reflected  parallel,  are  renected  di-r 
vergently.  For  the  same  reason,  convergent  rays  would  be 
reflected  with  less  convergence  by  such  a  surface  as  this,  and  , 
divergent  rays  would  be  rendered  still  more  divergent  towards ' 
E  and  H. 

Fig.  5,  which  ia  the  reverse  of  the  preceding,  will  serve  toi 
shew  us  the  nature  of  reflection  from  concave  surfaces.  Here , 
the  parallel  rays  AB,  CD,  whioh  would  have  been  reflectedK 

Earallel  by  a  plain  mirror,  are  made  to  converge,  and  meet  at; 
,  because,  instead  of  striking  this  mirror  in  a  direct  line,  they, 
strike  it  obliquely,  and  the  planes  of  inclination  are  inclined  to 
each  other,  and  therefore  convergent  rays  will  be  reflected  » iih 
19.— Vol.  I.  3X 
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greater  convergence,  and  divergent  rays  will  have  their  divet^ 
gen cy  lessened. 

As  a  convex  mirror  diminishes  the  convergency  of  the  rays 
which  fall  upon  it,  the  effect  it  produces  is  to  aiminish  toe 
apparent  size  of  objects  ;  because  the  visual  angle  is  diminislh- 
ed,  that  is,  there  is  not  so  large  a  picture  formed  in  the  eye, 
as  when  the  object  itself  is  seen  without  the  mirror.  But  a 
concave  mirror,  on  the  contrary,  enlarges  the  visual  angle,  or 
picture  of  an  object  on  the  eye,  and  consequently  its  effects 
are  the  reverse  of  the  former.  Reflection,  then,  from  a  contex 
mirror,  corresponds  to  refraction  through  a  concave  lens ;  and' 
upon  the  same  principle,  reflection  from  a  concave  surface 
corresponds  to  refraction  through  a  convex  lens. 

More  particularly  to  exemplify  this  theory,  let  A6,  Apr.  6, 
pi.  Ill,  represent  a  dart,  which  is  seen  in  the  convex  mirror 
CD.  Though  rays  issue  from  the  object  AB  in  all  directions, 
yet  it  is  seen  only  by  m^ans  of  those  which  are  included  within 
the  space  ON,  because  no  other  can  be  reflected  to  the  eye  at 
R.  If  the  rays  Had  gone  forward  in  their  original  direction, 
they  would  have  united  at  P,  and  the  object  would  have  been 
seen  of  its  full  size;  but  as,  from  the  nature  of  a  convex  curve, 
the  angle  of  reflection  cannot  be  equal  to  the  angle  of  inci- 
dence without  diminishing  their  convergence,  the  angle  SRT 
.  is  less  thiain  the  angle  AVd,  and  th=e  image  at  L  appears  smaller '• 
than  the  object,  and  nearer  to  the  surface  of  the  mirror.  The 
reason  of  this  last  eSkct  has  been  alrt>idy  explained,  when  it 
was  observed,  that  objects  are  rendered  visible,  not  by  a  single 
ray,  but  by  pencils  or  diyergctit  rays  proceeding  from  every 
point  of  them  ;  and  that' the  eye  transfers  the  place  of  the  ob- 
ject to  the  place  where  these  pencils  of  rays  unite  in  points. 
Suppos'e,  then,  a  radiant  poiwt  O^  fig.  7,  seftds:  forth  a  pencil  of 
divergent  rays  which  falls  on  the  convex  mirror- AB ;  the  rays 
of  this  pencil  will  diverge  stift  more  after  reflection,  and  there- 
fore they  will  appear  to  come  fVom  a  point  nearer  the  eye  than 
if  their  divergency  had  not  siifTered  any  change. 

For  these  reasons,  a  person  looking  at  his  face.in  a  convex 
mirror  will  see  it  diminished.  This  is  shewn  by* fig.  8,  pi.  Ill; 
though  rays  proceed  from  every  part  of  th^  face,  it  is  only  the 
rays  that  fall  on  the  mirror  between  C  and  R,  that  can  be  re- 
flected to  the  eye ;  the  rays  CR  being  therefore  rendered  less 
convergent,  he  will  see  Ms  chin  along  the  line  OS,  and  the 
forehead  along  the  line  ON;  the  aiigle'of  vision  being  thus 
reduced,  all  the  rest  of  the  features  vi^itt  be':p*»<)por.tlonirtetyf 
reduced. 

When  large  objects  are  seew  in  a  <cbfivex  mirrdr-  tBfey  not' 
only  appear,  according  to  itscumttire,  ^tn(aItevtl^ii''theyiTeliU9 - 
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I,  bat  Bonle\*hat  distorted.  The  reason  of  this  is,  that  the, 
"^different  points  of  the  object  are  not  at  an  equal  distance  fVonf 
the  mirror,  and  consequently  they  are  reflected  to  the  eye  oil-" 
dec  different  an^es.  Glass  globes,  lined,  like  tooking-gfasseB',' 
with  an  amalgam  that  converts  them  into  mirrors,  are  some-' 
times  suspended  in  apartmentii  as  an  ornamental  piece  of  ftif-' 
niture.  In  these,  the  company  seated  in  a  room,  or  round  a' 
table,  are  represented  by  very  minute  images,  which  appear  very' 
near  their  surface,  and  are  always,  though  beautiful,  in  sonla' 
degree  distorted.  Latterly,  convex  mirrors,  fitted  in  a  frame,' 
have  almost  superseded  the  globes,  over  which  they  have  sevej' 
ral  advantages:  they  can  be  placed  against  a  wall  as  convenii' 
ently  as  a  picture;  they  can  be  made  the  segment  of  a  larger 
sphere  than  it  would  be  convenient  to  have  entire ;  and  in  par-' 
ticular,  they  can  be  ground  to  a  regular  figure,  Whereas  the 
globes  are  only  blown  glass,  and  therefore  can  never  be  true. 

The  efi'ects  of  concave  mirrors  may  be  gathered  from  the  con-" 
siderationa  already  premised;  but  though  it  may  introduce" 
some  repetition,  it  will  be  proper  to  consider  them  Eepatately;.' 
Tl)eir  general  effect  is  to  render  convergent  rays  more  conver- , 
gent,  and  consequently  they  have  the  pOwer  of  magnifying. 
By  fiy-  9.  pl-  III.  's  represented  a  face  looking  at  itself  in  the" 
concave  mirror  IK,  and  the  extreme  of  those  rays  which  calV 
be  reflected  to  the  eye  are  exhibited,  one  from  the  foreheadl' 
and  one  from  the  chin.  These  lines,  a  c  and  m  n,  are  reflected 
to  the  eye  at  O,  which  sees  the  image  in  the  hoe  of  reflection,  , 
and  in  the  angle  DOQ,  and  therefore  evidently  magnified,  and ' 
at  a  small  distance  behind  the  mirror.  ,. 

The  magnifying  effect  of  a  concave  mirror,  is,  however,  oniy^ 
perceived  when  the  object  is  nearer  tb  it  than  iu  centre  ofcon^  ' 
cavity,  or  centre  of  the  sphere  to  which  the  curve  of  the  nllr-"; 
re  belongs.  When  we  come  to  t'le  description  of  the  tele- ■ 
scope,  the  reader  will  better  understand  howthe  image  is  formed 
by  the  large  concave  mirror  of  that  instrument,  if  we  here  ref^r' 
to  another  diagram.  Let  A  c  B,  fig.  10,  pl.  IM.  hi  the  reflect-  , 
ing  surface  of  a  mirror,  wliose  centre  ofconctivity  is  at  C;  an'd^ 
let  the  upright  object  DE,  be  placed  beyond  the  centre  C,  ah'ij  - 
send  out  a  conical  pencil  of  divergent  rays  fVoni  its  upper  ex-" 
tremity  D,  to  every  point  of  the  concave  surface  of  the  mirroi',"J 
A  c  B.  But  to  avoid  confusion,  we  only  draw  thr£e  rajs'  or 
that  pencil,  as  DA,  Tie,  DB.  From  the  centre' of  concaiit^'. "* 
C,  draw  the  three  right  lines,  CA,  Cf,  CB,  touching  the  mlj  ' 
ror  in  the  same  points  as  the  three  rays  of  the  pencil  from  D, . 
iBd  all  these  lines  will  be  perpendicmar  to  the  surface  of  thfe'[ 
utrror.  Make  the  an^le  CArt.  equal  to  the  angle  DAC,  alii!'.' 
fcw  the  right  line  Ad,  for  the  course  of  the  reflected  rav' 
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DA :  make  the  an^le  Ccd,  equal  to  the  angle  DcC,  and  draw 
the  right  line  c  d,  for  the  course  of  the  reflected  ray  Dc;  make 
also  the  angle  CBd»  equal  to  the  angle  DBC,  and  draw  the 
right  line  Bd,  for  the  course  of  the  re'flected  ray  DB.  All 
these  reflected  rays  will  meet  in  the  point  d,  where  they  will 
form  the  extremity,  J,  of  the  invertea  image,  e  J,  similar  to 
the  extremity,  D,  of  the  upright  object  DE.  If  the  pencil  of 
rays,  £  /,  E  |;,  E  A,  be  also  continued  to  the  mirror,  and  their 
angles  of  reflection  from  it  be  made  equal  to  their  angles  of 
incidence  upon  it,  as  in  the  former  pencil  from  D,  they  will 
meet  at  the  point  e,  by  reflection,  ana  form  the  extremity  e,  of 
the  image,  e  d,  similar  to  the  extremity,  E,  of  the  object,  DE. 
As  each  intermediate  point  of  the  object  between  D  and  £, 
sends  out  a  pencil  of  rays  in  like  manner  to  every  part  of  the 
mirror,  the  rays  of  each  pencil  will  be  reflected  back  from  it,  • 
and  meet  in  all  the  intermediate  points  between  the  extre- 
mities, e  and  d,  of  the  image;  and  hence  the  whole  image  ftill 
not  be  at  t,  that  is,  at  half  the  distance  of  the  mirror  from  it4 
centre  of  concavity  C,  but  at  a  greater  distance  between  j  and 
the  object  DE;  and  the  image  will  be  inverted  with  respect 
to  the  object.  'I'hus  it  is,  that  when  the  object  is  more  re* 
mote  from  the  mirror  than  its  centre  of  concavity  C,  the 
image  appears  less  than  the  object,  and  between  the  object 
and  the  mirror;  contrary  to  what  is  observed  when  the  object 
is  nearer  than  the  centre  of  concavity,  as  in  the  example  of 
the  face  looking  at  itself,  fig.  9,  pi.  ill.  If  DE,  fig.  10,  be 
the  object,  e d  will  be  its  image;  for  as  the  object  recedes 
from  the  mirror,  the  image  approaches  nearer  to  it,  and  as 
the  object  approaches  nearer  to  the  mirror,  the  image  re- 
cedes further  from  it,  on  account  of  the  less  or  greater  diver- 
gency of  the  pencils  of  the  rays  which  proceed  from  the  ob- 
ject ;  for  the  less  they  diverge,  the  sooner  they  are  converged 
to  points  by  reflection ;  and  the  reverse  necessarily  follows, 
that  the  more  they  diverge,  the  further  they  must  be  re- 
flected before  they  meet.  If  the  radius  of  the  mirror's  con- 
cavity and  the  distance  of  the  object  be  known,  the  dis- 
tance of  the  image  from  the  mirror  is  found  by  this  rule : 
Divide  the  product  of  the  distance  and  radius  by  double  the 
distance  made  less  by  the  radius,  and  the  quotient  is  the  dis- 
tance required.  If  the  object  be  in  the  centre  of  the  mirror's 
concavity,  the  image  and  object  will  be  coincident  and  equal 
in  bulk. 

If  a  man  place  himself  directly  before  a  large  concave  mir- 
ror, but  further  from  it  than  its  centre  of  concavity,  he  will 
see  an  inverted  image  of  himself' in  the  air,  between  him  and 
the  mirror,  of  a  less  size  than  his  own  person.    If  he  hold  out  . 


\ 


his  hand  towards  the  mirror,  the  hand  of  the  image  will  come 
out  towards  his  hand,  and  coincide  with  it,  of  on  equal  bulk 
when  his  hand  is  in  the  centre  of  concavity;  and  he  will 
imagine  he  may  shake  hands  with  his  image.  If  he  reach  his 
hand  further,  the  hand  of  the  image  will  pass  by  his  hand,  and 
come  between  it  and  his  body;  and  if  fie  move  his  hand  to- 
wards either  side,  the  hand  of  the  image  will  move  towards 
the  other;  so  that  whatever  way  the  object  moves,  the  image 
will  move  the  contrary  way.  A  by-stander  will  see  nothing 
of  the  image,  because  none  of  the  reflected  rays  that  form  it 
enter  his  eyes. 

From  this  remarkable  property  of  a  concave  mirror  to  form 
an. image  tn  the  air,  mirrors  of  this  sort  are  used  to  pioduce  a 
variety  of  singular  appearances,  to  amnse  the  curious,  or  to 
impose  upon  the  ignorant  and  superstitions.  To  a  few  we 
shnll  give  a  place.  If  a  fire  be  made  in  a  large  room,  and  a 
smoolh  mahogany  table  be  placed  at  a  considerable  distance 
near  the  wall,  before  a  large  concave  mirror,  so  situated  that 
the  light  of  the  fire  may  oe  reflected  from  the  mirror  to  Its 
focus  upon  the  table  ;  if  a  person  stand  by  the  table,  he  will 
see  nothing  upon  it  butalongish  beam  of  light;  but  if  he 
stand  at  a  distance  towards  the  fire,  not  directly  between  the 
fire  and  the  mirror,  he  will  see  an  image  of  the  fire  upon  the 
table,  large  and  erect.  If  another  person,  who  knows  nothing 
of  the  experiment  beforehand,  should  chance  to  come  into 
the  room,  and  should  look  from  the  fire  towards  the  fable,  he 
would  be  startled  at  the  appearance ;  for  the  table  would  seem 
to  be  on  fire.     In  this  experiment,  there  should  he  no  light  in 

jfae  room,  but  what  proceeds  from  the  fire ;  and  the  mirror 

tag^ht  to  be  at  least  fifteen  inches  in  diameter. 

"^ff  the  fire  used  in  the  last  experiment  be  extinguished  or 
■  tovered  by  a  screen,  and  a  large  candle  be  placed  in  a  similar 
position,  a  person  standing  by  the  candle  will  see  the  appear- 
ance of  a  star,  or  rather  planet,  upon  the  table,  as  brilliant  as 
Venus  or  Jupiter  in  a  cloudless  sky.  If  a  slender  wax  taper 
be  placed  near  the  candle,  a  satellite  to  the  planet  will  appear 
on  the  table ;  and  if  the  taper  be  moved  round  the  candle,  the 
mimic  satellite  will  go  round  the  planet. 

Another  experiment  is  the  following:  Take  a  glass  bottle, 

partly  fill  it  with  water,  and  cork  it  in  the  common  manner; 

place  this  bottle  opposite  a  concave  mirror,  and  beyond  its 

centre  of  concavity,  that  it  may  appear  reversed ;  let  the  spec- 

^'  (tor  retire  to  a  still  greater  distance  than  the  bottle,  which 

B  will  then  see  in  the  air  inverted,  and  the  water  which  is 

btually  in  the  lower  part  of  the  bottle,  will  in  the  ima^ 

^fjjear  uppermost.    Invert  the  bottle  whilst  before  the  mirrofr 
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Exp«rimeoU  with  oanctLWp  m^rfnu — Foci  of  ipl^rical  mirrort  • 

^pd  in  the  image  the  wat^r  will  .^pp^fir  in  the  lowpr  part  of 
the  bottle :  when  it  is  ip  :^)b^  inverted  state,  tmcork  the 
|)9ttle,  and  wbil&t  the  .waiter  .i^  running  out,  the  image  wiU 
^ppea^  to  be  £lUng ;  but  an  s.Qon  as  the  bottle  is  empty,  the 
illusion  cea&es. 

.  As  the  image  fprmefl  iby  .a  concave  mirrqr  may  be  thrown 
through  a  hole  into  an  adjoining  room,  where  a  spectator  will 
in  certain  situations  perceive  the  ipaage  of  any  object  the  con- 
cealed manager  may  chuse,:it  is  evident  how  much  the  credu- 
lous mav  be  imposed  upon.  Birds,  angels,  &c.  may  be  repr^ 
sented  flying,  and  may  be  instantly  changed  for  other  objecU. 
fi  ,M0segay  mt^y  be  shewn,  and  when  the  beholder  attempts  to 
graj$p  it,  a  dae^er,  with  all  the  appearance  of  reality,  may.be 
presented  to  his  breast,  or  a  death's  head  snap  at  hi$  hand. 

To  ^nd  the  focal  distance  of  a  convex  mirror  or  speculum, 
c^oyer  it  with  paper  containing  two  pin-holes,  one  hear  eaqh 
edge  of  the  mirror;  expose  it  to  the  sun,  holding  another  paper 
beiore  it  that  has  a  bole  large  enough  to  let  the  solar  rays  pai^ 
through  to  the  two  pin*hoIes.  TWo  white  spots  of  r^^ct^d 
l^ht  will  be  observed  on  eaoh  side  of  the  hole;  move  the  paper 
backwards  apd  forwards,  ;tili  the  distance  of  the  spots  be  twice 
the  distance  of  the  holes  in  the  cover;  and  that  distance  of  the 
paper  from  the  cover  is  i<;s  focus. 

To  find  the  focal  distance  of  a  concave  speculum,  place  it 
80  that  its  axis  may  b0  directed  to  the  centre  of  the  sun. 
Find  th^  burning  point,  or  receive  the  image  upon  a  white 
piece  of  paper,  and  the  distance  thus  found  between  the  paper 
and  the  centre  of  the  speculum,  is  £lie  focal  length.  Or,  cover 
the  minor  with  pape^,  in  which  make  two  or  more  holes,  and 
observe  where  the  beams  of  light  reflected  from  these  holes 
unite,  and  this  will  be  tj^e  focal  distance.  Or,  lastly,  place 
the  speculum  at  the  end  of  along  table,  in  a  vertical  position; 
place*  a  candle  at  the  opposite  end  of  the  table,  so  that  its 
flame  may  be  opposite  to  the  axis  of  the  speculum;  then  take 
a  piece  of  white  paper,  and  having  ifixed  it  to  a  stick,  place 
the  stick  in  the  socket  of  a  candlestick,  so  that  the  paper  may 
be  supported  at  about  the  same  height  with  the  candle ;  then 
move  the  paper  or  the  candle  foifwards  or  backwards,  till  the 
image  of  the  cancHe  on  the  paper  is  exactly  over  the  candle 
itself,  and  the  point  of  coin'ciaence  is  tlie  centre  of  ti^e  spe- 
ciilum. 

For  purposes  of  amusement,  mirrors  are  frequently  made  in 
the  form  of  entire  or  half  cylinders  or  cones.  These  are  called 
piixed  mirrors,  as  they  produce,  at  the  same  instant,  the  effects 
of  plaan  apd  s^erical  mirrors.  The  properties  of  cylindrical 
fkm4f9  ai^,  1.  The  dimensions  of  objects  (Corresponding  length- 
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wifie  to  the  mirror,  are  iioi  much  ulianged ;  but  those  corre- 
sponding bieadtbwiBe  have  their  figure  iiltered,  and  their  di- 
mensions lessened,  the  further  they  nre  rromthe  mirror,  whence 
arises  a  very  great  distortion.  2,  If  the  plane  of  the  reflection 
cut  the  cylindrical  mirror  through  the  axis,  the  reflection  is 
performed  in  the  same  manner  as  in  a  plane  mirror;  and  if  pa- 
ntile) to  the  huse.  the  reflection  is  the  same  as  in  a  spherical 
mirror  ;  if  it  cut  it  obliquely,  the  reflection  ia  the  same  as  in 
mi  ellhpiic  mirror.  Hence,  as  the  plane  of  reflection  never 
[Hisses  Ihiough  the  axis  of  the  mirror,  except  when  the  eye 
auil  the  object  are  in  the  same  plane  -,  nor  parallel  to  the  base, 
except  tvlien  the  radiant  point  and  the  eye  are  at  the  same 
liei<>ht;  the  reflection  is  therefore  usually  the  same  aa  in  an 
(elliptic  one.  3.  If  a  Ao^/otccylindric  mirror  be  directly  opposed 
to  the  sun,  instead  of  a  focus  of  a  point,  the  rays  will  be  re- 
Hi.-cted  into  a  lucid  line  parallel  to  its  axis,  at  the  distance  of 
about  oue-iburth  of  its  diameter. 

Conical  mircors  produce  a  still  more  extraordinary  distortion 
of  ihe  figures  seen  in  them  than  cylindrical  ones,  from  the 
breadth  of  the  imB";e  being  gradually  reduced  as  it  approaches 
the  apex,  where  it  hecomes  a  mere  point.  The  effect  of  a  cy- 
lindrical mirror  in  diminishing  the  breadth  of  objects  facing 
it,  being  the  same  as  that  of  a  convex  mirror  of  the  some  radius, 
und  the  elTiiCt  of  the  conical  mirror,  at  any  given  height,  being 
regulated  by  the  same  principle,  it  becomes  easy  to  draw  ana- 
phoses  lor  a  cylindrical  or  conical  mirror  of  any  size.  The 
urea  called  by  this  name,  and  which  are  sold  with  mixed 
,rors  by  the  opticians, appearexcesstvely  wild  and  deformed 
look  at,  but  when  placed  before  the  mixed  mirror  for  which 
are  intended,  tneir  images  are  well  proportioned  and 
liful. 
Oj'ihe  dijftreni  He/rangibilit^  of  the  Rat/i  of  Light. 

The  difTercnt  refrangibility  of  the  ravs  of  lights,  which  we 
have  now  to  consider,  is  demonstrated  by  means  of  the  prism, 
a  nnnie  which  opticians  give  to  a  solid  piece  of  glass,  of  any 
length  at  pleasure,  but  of  a  wedge-like  or  triangular  form. 
As  any  section  of  a  prism,  passing  through  its  axis,  is  a  tri- 
angle, it  ia  always  represented  by  a  triangle,  which  may  bo 
considered  as  Bhewine;  correctly  one  of  its  ends,  see  flg.  12, 
No.  8.  pi.  II. 

If  a  beam  of  light  front  the  sun  be  let  into  a  darkened  roomi 

iSd  be  received   upon  a  white  screen  or  opposite  wall,  it  will 

a  a  circular  image,  and  will  be  of  one  uniform  whiteness. 

&  prism  be  interposed,  so  that  the  light  must  pass  through  it 

e  it  rMcbea  the  wail,  the  imc^e  is  no  longer  circular  and 
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no  longer  vhite.  It  assumes  an  oblone  shape,  terminated  by 
semicircular  arches,  and  exhibits  seven  different  colours.  This 
oblong  image  is  called  the  spectrum,  and  from  its  being  pro- 
duced by  the  prism,  the  prismatic  spectrum.  In  the  compass 
of  philosophical  experiment,  a  more  beautiful  appearance  can- 
not be  presented  to  the  eye ;  and  its  instructive  nature  will  ap- 
pear not  less  extraordinary  than  its  beauty,  when  it  is  consi- 
dered, that  the  investigation  of  the  cause  of  it,  led  Sir  Isaac 
Newton  to  form  the  first  rational  theory  of  the  cause  of  colours. 
The  manner  in  which  this  illustrious  philosopher  tried  the  ex- 

{»eriment  of  the  spectrum,  is  described  by  himself  in  the  fol- 
owing  words,  wnich  remain  to  this  day,  perhaps,  the  most 
suitable  introduction  to  this  subject : 

"  In  a  very  dark  chamber,  at  a  round  hole,  F,  fig.  1,  pi.  IV, 
about  one-third  of  an  inch  broad,  made  in  the  shutter  of  a 
window,  I  placed  a  glass  prism,  ABC,  whereby  the  beam  of  the 
sun's  light,  SF,  which  came  in  at  that  hole,  might  be  refracted 
upwards,  toward  the  opposite  wall  of  the  chamber,  and  there 
form  a  cgloured  image  of  the  sun,  represented  at  PT.  The 
axis  of  the  prism  (that  is,  the  line  passing  through  the  middle 
of  the  prism,  from  one  end  of  it  to  the  other  end,  parallel  to 
the  edge  of  the  refracting  angle)  was  in  this  and  the  follow- 
ing experiments,  perpendicular  to  the  incident  rays.  About 
this  axis  I  turned  the  prism  slowly,  and  saw  the  refracted 
light  on  the  wall,  or  coloured  image  of  the  sun,  first  to  de- 
scend, and  then  to  ascend.  Between  the  descent  and  ascent, 
when  the  image  seemed  stationary,  I  stopped  the  prism,  and 
fixed  it  in  that  posture.  Then  I  let  the  refracted  light  fall 
perpendicularly  upon  a  sheet  of  white  paper,  MN,  placed 
at  tne  opposite  wall  of  the  chamber,  and  observed  the  figure 
and    dimensions    of   the    solar   image,    PT,    formed    on   the 

Eaper  by  that  light.  This  image  was  oblong,  and  not  oval, 
ut  terminated  by  two  rectilinear  and  parallel  sides  and 
two  semi-circular  ends.  On  its  sides  it  was  bounded  pretty 
distinctly,  but  on  its  ends  very  confusedly  and  indistinctly, 
the  light  there  decaying  and  vanishing  by  degrees.  At  the 
distance  of  18^  feet  from  the  prism,  the  breadth  of  the  image 
was  about  2J  inches,  but  its  length  was  about  10^  inches, 
and  the  length  of  its  rectilinear  sides  about  eight  inches;  and 
ACB,  the  refracting  angle  of  the  prism,  whereby  so  great  a 
length  was  made,  was  64  degrees.  With  a  less  angle,  the 
length  of  the  image  was  less,  the  breadth  remaining  the  same. 
It  is  farther  to  be  observed,  that  the  rays  went  on  in  straight 
lines  from  the  prism  to  the  image,  and  therefore,  at  their  going 
out  of  the  prism,  had  all  that  inclination  to  one  another  from 
which  the  length  of  the  image  proceeded.    This  image  PT  was 
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coloured,  and  the  more  eminent  colours  lay  in  this  order  from 
the  bottom  at  T  to  the  top  at  P  ;  red,  orange,  yellow,  green, 
blue,  indigo,  violet,  together  with  all  their  intermediate  degrees, 
in  a  continual  succession,  perpetually  varying." 

If  the  spectrum  be  divided  into  100  parts,  the  red  part  of  it 
is  found  to  occupy  1 1  of  these  parts,  tne  orange  8,  the  yellow 
14,  the  green  17.  the  blue  17,  the  indigo  U,  and  the  violet  22. 
The  red  part  of  the  spectrum,  it  will  be  observed,  is  nearest  the 
prism,  and  the  violet  at  the  greatest  distance.  It  is  clear, 
therefore,  that  light  is  not  homogeneous,  because  the  attractive 
power  of  the  prism  has  been  greater  upon  some  parts  of  it  than 
upon  other  parts.  Accordingly,  it  is  universally  concluded, 
that  the  solar  beam,  or  white  light,  is  composed  of  particles 
differing  in  size  or  density ;  that  this  difference  of  their  size  or 
density,  is  the  cause'of  their  being  differently  refrangible,  and 
that  the  separation  of  the  rays  of  one  or  more  sizes  from  the 
rest,  by  various  means,  produces  all  the  diversity  of  colours 
which  affect  our  sight. 

We  find  the  red  part  of  light  capable  of  struggling  through 
thick  and  resisting  mediums,  when  all  the  other  colours  are 
stopped.  Thus  the  sun  appears  red  when  seen  through  a 
foe  ;  the  light  of  distant  lamps  seen  through  the  smoke  of 


a  long  street,  api 


I  red,  while  the  light  of  those  at  hand 


Teet,  ajipfca 

white.  Dr.  Halley'a  hand  appeared  re^  in  the  water,  when 
he  was  in  a  diving-bell  at  the  bottom  of  tha  sea,  and  red  light 
always  makes  the  strongest  impression  on  the  eye.  These  are 
all  proofs,  that  red  light  consists  of  particles  which  are  larger 
than  those  of  other  colours,  and  which  having  therefore  the 
greatest  momentum,  are  the  least  disturbed  by  the  action 
of  a  given  force,  so  that  they  necessarily  take  a  shorter 
course  than  other  rays  in  passing  through  the  prism.  The 
particles  which  compose  orange  light,  are  next  in  size  and 
refrangibility  to  the  red,  and  so  on  to  the  violet,  which  con- 
sists of  the  smallest  sized  particles,  and  they  are  therefore  the 
moat  turned  out  of  their  course. 

The  seven  colours  of  the  spectrum,  are  called  the  original 
or  primary  colours.  White  is  composed  of  them  all  mixed 
together  in  their  due  proportions  ;  for  if  a  solar  ray,  separated 
by  the  prism  into  its  component  parts,  be  collected  and  con- 
verged into  a  focus  by  a  lens  or  a  concave  mirror,  a  paper 
placed  perpendicularly  in  this  point  will  exhibit  a  white  spot. 
The  same  conclusion  may  be  drawn  from  the  esperiment  of 
mixing  together  paints  of  the  same  colours  as  the  parts  of  the 
spectrum,  and  in  the  same  proportion  ;  the  mixture  will  be 
white,  though  nota  resplendent  whiteness,  because  the  colours 
-  mixed  are  less  bright  tnan  the  primary  ones,  and  b«cauee  they 
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.^annot  be  intimately  blended  without  exercising  a  chemical 
action  on  each  other,  which  in  nart  changes  their  properties. 
When  this  action  is  prevented,  the  result  of  the  ejcperiment  is 
much  more  satisfactory :  the  rim  of  a  wheel  may  either  be 
pfiinted  or  covered  with  pieces  of  cloth,  6u:.  of  aU  the  seven 
.colours  in  due  proportion,  and  if  it  be  thenawiftly  turned  imon 
its  axis,  it  will  appear  to  be  white.  Sunpos.ing  the  wheel  to 
be  divided  into  360  equal  parts,  the  rea  should  occupy  45  of 
these  parts,  the  orauge  27,  the  yellow  48,  the  gceen  60,  tl^ 
blue  60,  the  indigo  40,  and  ^he  violet  80* 

It  may  be  supposed  that  the  seven  primary  colouvs  mapf 
'be  reduced  to  three,  viz.  red,  blue,  and  yellow,  beaaime  .of 
'  these  ^hree  all  the  rest  might  be  made.  It  is  neoessfiiy 
therefore  to  explain  the  sense  in  which  it  is  understood  itbat 
there  are  seven  primary  colours.  None  of  the  cdpufs  dhus 
named  can  be  changed  by  any  art,  or  whatever  4[iuii|ht)r  lOf 
refractions  or  reflections  they  undergo.  Let  a  hole  'he  ;nade 
in  the  paper  or  screen  receiving  the  piismatic  ;Spectnuii,  Jit 
the  place  covered  by  the  green  rays ;  if  these  rays  be  jcefit^ted 
through  fifty  prisms,  and  as  often  reflected  ironi  mirror  to 
mirror,  they  still  retain  their  greenness  :  hence  we  jare  .cons- 
pelled  to  consider  the  green  rays  as  composed  of  sjjsiple  hoiDO- 
geneous  particles,  consequently  one  of  the  primary  colours ; 
and  the  same  may  be  said  of  any  other  colour,  which  might  be 
6upj)osed  to  be  compound. 

When  any  coloured  body  is  placed  in  homogeneous  liglxt, 
it  always  appears  of  the  colour  of  the  light  iii  which  it  is 
placed,  whatever  may  be  its  natural  hue;  thus,  if  prussian  hive 
and  vermilion  he  placed  in  a  red  light,  both  wiH  fippear 
red  ;  in  a  green  light,  green  ;  in  a  blue  light,  blue  ;  &c.  It  is, 
however,  to  be  allowed,  that  a  body  appears  brighter  when  in 
a  light  of  its  own  colour  than  in  another;  and  from  this  we 
may  see  that  the  colours  of  natural  bodies  arise  from  an  aptitude 
in  them  to  reflect  some  rays  more  copiously  and  strongly  than 
others.  But  lest  this  phenomenon  should  produce  a  doubt  of 
the  constancy  of  the  primary  colours,  it  is  proper  to  assign  the 
reason  of  it,  which  is  this  :  that  when  placed  in  its  own 
coloured  light,  the  body  reflects  the  rays  of  the  predominant 
colour  more  strongly  than  any  of  those  intermixed  with  it ; 
therefore  the  proportion  of  the  rays  of  the  predominant  colour 
to  those  of  tne  others,  in  the  reflected  light,  will  be  greater 
than  in  the  incident  light ;  1)ut  when  the  body  is  placed  in  a 
li^t  of  a  diflerent  colour  from  its  own,  for  a  similar  reason,  the 
contrary  effect  will  follow,  that  is,  the  proportion  of  the  predo- 
minant colour  to  the  others  will  be  less  in  the  reflected  than  in 
Uie  incident  light;  and  therefore. as  its  splendour  would  be 
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in  the  rormer  case,  and  would  be  less  in  the  latter,  than 
fall  the  rays  were  equally  reflected,  the  spleudour  of  the  pre- 
uoiuinaot  colour  will  be  much  greater  in  trie  former  case  than 
p  tht  lutler. 

I  When  bodies  either  reflect  all  the  rays  of  light  which  they 

,  or  reflect  them  in  the  propoction  in  wbich  they  exist 

iuiar  beam,  they  appear  white ;  when  they  reflect  none 

miff  the  rays,  they  appear  black.     Between  perfect  white  and 

perfect  black,  innumerable  species  of  colours  may  be  formed 

y  difl'erent  combinations  of  the  rays,  under  different  influences 

/  reflection  or  transmiBsion. 

When   the  expressions,  red  rays,  yellow  rays,  &c.  are  used, 

'  1  not  to  be  understood  that  the  rays  themselves  possess 

iny  property  analogous  to  what  we  call  colour,  but  merely 

ioat  they  have  the    power  of  exciting  in  us   the  sensations 

Uiich  we  call  redness,  yellowness,  &,c.     They  would,  tliere- 

,  with  more  correctness,  be  called  red-viakiug  or  red-caustitg 

says,  i/el/uw-makiiig   or  j/e/low-causiiig   rays,  Scc.    but  the  fre- 

Mit  recurrence  of  this  precision  would  be  as  awkward  as 

t  is  unnecessary. 

fthe  Rainbow  and  olher  natural  Phenomena  dependent  upon 
the  Refraiigibilit^  of  Light, 

Of  the  natural  phenomena  produced  occasionally  by  the 
l^paration  of  the  primary  colours,  the  raipbow  is  one  of  tlie 
^st  beautiful.  This  meteor,  which  in  poetical  language  is 
}^lled  the  iris,  never  makes  its  appearance,  except  when  the 
ipectator  is  situated  between  the  sun  and  a  shower  of  rain; 
ice  we  conclude  that  it  is  occasioned  by  the  sun  and  the 
ips  of  rain  ;  and  that  this  conclusion  is  just,  any  one  may 
isfy  himself  by  the  following  experiment:  Fill  a  hollow 
ss  globe  with  water,  and  suspend  it  in  the  sun,  in  such  a 
nanner  that  it  may  be  raised  or  lowered  at  pleasure  ;  at  a  cer- 
ain  height  above  the  eye  of  the  spectator,  who  looks  at  it  with 
i  back  to  the  sun,  the  globe  will  appear  to  be  red  ;  let  it  then 
B  slowly  lowered,  and  it  will  appear  to  be  orange,  and  after- 
in  succession,  as  it  descends,  it  will  appear  yellow,  green, 
ndigo,  and  violet.  Hence  the  same  drop  of  rain,  which 
i^ust  be  considered  as  a  little  globe,  supplies  all  the  seven  co- 
purs  to  the  eye,  lust  as  they  would  be  supplied  if,  in  trying  the 
^tXperiment  of  tne  spectrum,  the  operator  veie  to  remove  the 
BSper  MN,fig.  1,  pi.  IV,  and  to  place  his  eye  so  that  it  would 
deceive  the  red  rays,  when,  if  lie  gradually  raise  ,iiimself,  or 
p>.wer  tlie  aperture  for  the  light  and  the  prism  together,  he 
|rouId  perceive  all  the  other  colours  in  succession. 

There  are  aometimes  two  rainbows  seen  at  the  same  time. 
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one  within  the  other,  and,  what  may  seem  remarkable,  the 
order  of  the  colours  of  the  exterior  bow  is  the  reverse  of  that 
of  the  interior  one.  When  two  bows  are  seen,  the  exterior 
one  is  comparatively  faint,  and  is  therefore  sometimes  called 
the  false  or  secondary  bow,  while  the  greater  distinctness  of 
the  interior  one  has  obtained  for  it  the  appellation  of  the 
primary  bow.  To  trace  the  progress  of  a  ray  of  light  through 
a  drop  of  rain  in  each  of  these  bows,  will  explain  the  cause  of 
their  differing  in  brightness. 

In  the  true  or  primary  bow,  the  rays  of  light  arrive  at  the 
spectator's  eye  after  two  refractions  and  one  reflection.  Thus, 
let  A,  fig.  2,  ))1.  IV,  be  a  drop  of  rain,  and  Sd  a  ray  from 
the  sun  falling  on  the  upper  part  of  the  drop  at  d.  It  will 
suffer  a  refraction,  and  instead  of  going  forward  to  c,  it  will 
be  bent  to  n;  at  n,  part  of  it  will  emerge,  but  the  remainder 
will  be  reflected  tog;  at  g  it  will  be  again  refracted  on  passing 
into  the  air  towards  the  eye  at  A ;  by  being  thus  twice  refracted 
and  once  reflected,  the  ray  is  separated  into  its  primitive 
colours  ;  the  red  part,  which  is  least  thrown  out  of  its  course, 
makes  an  angle,  at  its  emergence,  with  the  incident  solar  ray 
of  forty  degrees  two  minutes,  as  Sfg;  and  the  violet,  being 
the  most  easily  thrown  out  of  its  course,  makes  with  the  solar 
light  an  angle  of  40^  17,  as  S  c  g.  The  different  colours,  there- 
fore, at  the  distance  of  the  spectator,  are  considerably  separated, 
and  affect  the  eye  in  succession  with  the  seven  colours  ;  but  the 
sucoessioi.  is  so  quick,  and  so  many  drops  feill  through  the 
same  circuit  in  the  same  time,  that  the  mind  loses  the  idea  of 
succession,  and  the  bow  seems  permanent  as  long  as  the 
i^ower  continues  in  a  proper  direction  from  the  eye. 

The  exterior  or  secondary  bow  is  formed  by  two  reflections 
and  two  refractions.  Let  B  represent  one  of  the  drops  of  rain 
forming  this  bow ;  a  ray,  T,  from  the  sun,  falling  upon  it  at  r, 
is  refracted,  and  falls  upon  the  back  of  the  drop  at  s;  at  s,  from 
the  transparency  of  the  drop,  a  portion  of  it  passes  through 
towards  w,  but  the  remainder  of  it  is  reflected  towards  t;  here 
again,  for  the  same  reason  as  before,  part  of  it  emerges  from 
the  drop,  in  the  direction  x,  but  the  portion  still  left  is  reflected 
to  u,  where  it  is  refracted  towards  the  spectator,  with  the  red 
rays  uppermost.  The  great  quantity  of  light  lost  at  each  reflec- 
tion, is  the  cause  of  the  indistinctness  of  this  bow,  and  there- 
fore we  cannot  be  surprised  that  we  rarely,  if  ever,  see  bows 
formed  by  a  still  greater  number  of  reflections  within  the  drops; 
for  though  they  may  exist,  they  are  too  faint  to  be  seen.  The 
secondary  bow  cannot  be  seen  when  the  elevation  of  the  sun  is 
above  54^  T ;  it  is  broader  than  the  interior  bow,  because  the 
ra'^s  are  more  dispersed  before  they  reach  the  eye. 


When  the  spectator  i&  upon  a  plain,  and  the  6un  is  close  to 
the  horizon,  the  rainbow  is  a  semi-circle ;  but  according  as  the 
sun  is  higher  above  the  horizon,  so  the  rainbow  is  a  smaller  part 
of  a  circle.  When  the  spectator  is  upon  an  eminence,  and  the 
sun  is  near  the  horizon,  then  the  rainbow  may  exceed  a  semi- 
circle ;  and  from  a  great  elevation,  a  complete  circle  may  be  peir- 
ceived.  In  all  cases,  the  centre  of  the  bow,  the  spectator,  and 
the  sun,  must  be  in  the  same  straight  line,  which  is  called  the 
line  of' aspect.  The  sun  may  iherefore  be  considered  as  the  ver- 
tex uf  a  cone,  whose  base  is  the  rainbow,  and  whose  axis  coa 
stitute.s  the  line  of  aspect.  Jf  several  people  are  standing  toge- 
ther, they  each  see  a  different  rainbow,  because  they  are  each 
in  the  axis  of  a  diiTerent  cone.  Hence  the  bow  moves  as  the 
spectator  moves,  but  other  drops  in  another  circle  producing 
the  same  effect,  the  change  i»  nut  perceived.  The  bow  assumes 
a  circular  form,  because  it  can  only  be  seen  by  rays  which  form 
the  same  angle  with  the  line  of  aspect.  The  primary  bow  can 
never  be  seen,  if  the  sun  be  elevated  more  than  42o  2  above 
the  horizon. 

Lunar  rainbows  are  somotimes  observed,  but  the  faintness 
of  the  moon's  light,  compared  with  that  of  the  sun,  is  the. 
reason  that  their  colours  can  very  rarely  be  distinguished. 

When  the  sun  and  the  eye  of  the  spectator  are  properly  situ- 
ated, drops  of  water  produce  the  phenomenon  under  a  variety 
of  other  circumstances.  A  bow  with  its  convex  side  to-  > 
wards  the  spectator,  is  sometimes  seen  on  the  ground,  whea 
the  sun  shines  on  a  very  thick  dew  ;  also  at  waterfalls,  and  ftt  t 
sea,  when  part  of  the  agitated  water  is  di;^ersed  in  drops,  the 
how  is  seen  in  its  usual  form.  Water  blown  violently  from  the 
mouth  of  an  observer,  will  also  produce  a  miniature  iris,  and_ 
by  means  of  a  small  fountain,  an  artificial  one  may  be  shewn 
by  candle-light. 

The  diversified  colours  of  the  sky  under  different  circum- 
stances, are  also  accounted  for  on  the  principle  of  the  differeal  . 
refrangibility  of  the  rays  of  light.  When  tne  sun  is  near  the  ; 
horizon,  as  in  the  morning  and  evening,  the  vast  tract  of  dense 
and  vaporous  air  in  a  direct  line  from  him  to  the  earth,  pro- . 


duces  the  absorption  of  the  weaker 


rays, 


and  tlierefore  the  i 


clouds  reflect  only  the  vivid  yellow,  the  oran|;e,  and  the  red.  ; 
As  the  quantity  of  the  vapours,  and  even  their  nature,  are  not  • 
similar  lor  two  days  together,  this  irregularity  produces  cop-  * 
responding  ditferences  in  their  effects.  Terrestrial  objects,  and:  I 
even  the  sun  himself,  are  necessarily  tinged  like  the  light  by.] 
which  they  are  seen.  When  the  li^lit  at  these  times  is  recciveu 
bya  prism,  it  is  found  that  the  rays  actually  absorbed  are  such., 
as  we  should  expect  to  be   so  from  the  coloration  of  the 
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moment.  In  consequence  of  the  strccessive  increase  atid  d^Ur 
sity  of  the  vapours  traversed  by  thfe  light,  dotrds  dlffc'rehtify* 
blaced,  are  at  the  same  instant  tinged  of  difiereiit  colouts. 
The  highest  may  eVen  be  white,  while  the  rest,  at  a  less  ele- 
vation, will  be  yellow,  and  others  still  lower  will  be  red,  or 
approach  nearly  to  red.  At  an  equal  elevation,  the  most' 
distant  from  the  point  where  the  sun  sets,  will  incline  to  red, 
and  the  nearest  to  yellow, 

A  luminous  circle,  called  a  halo  or  coroiia,  is  frequently  dth-' 
served  to  surrotind  the  sun,  moon,  and  even  the  planets  and 
stars.     It  is  sometimes  coloured,  but  gehcrally  wnite.     It'  is 
attributed   to   the   effects  produced   on   the    light  of  these' 
bodies,  in  passing  through  dense  clouds,  or  a  frozen  medium 
of  hail  or  snow,  and  it  is  white  or  coloured,  according  as  the" 
rays  have  undergone  a  prismatic  sclparation  or  not.    The  par-' 
heiia,  or  mock  suns,  which  are  sometimes  observed,  are  re- ' 
ftfrable  to  a  similar  origin. 

To  the  thinking  mind,  it  cannot  but  be  interesting  to  observe, 
in  how  many  instances  the  causes  of  phenomena  which  wctc' 
formerly  considered  as  altogether  inexplicabfe,  and  regarded 
with  sup^stitious  dread,  are  now  fieimiliar  to  children,  and  allu- 
sions to  them  assimilated  with  the  language  of  poetry.    They 
are  no  longer  considered  as  the  ominous  harbingers  of  evil;  they 
are  produced  for  amusement  by  experiment,  and  when  they» 
occur  under  natural  circumstances,  are  contemplated  with  de^' 
light,  because  they  are  known  to  be  the  result  of  those  imiAu- 
table  laws  which  the  Author  of  nature  has  assi^ed  for  the 
government  of  his  works.     Optical  science  furnishes  several 
illustrations  of  this  subject,  and  we  shall  mention  one  which  is' 
Qot  the  least  remarkable,  from  its  connection  with  historical 
events.  A  day  or  two  before  the  massacre  of  St.  Bartholomew, 
Henry  IV.  of  France  (then  a  prince  at  the  court  of  Charles  IX, 
and  not  implicated  in  the  ^uilt  of  that  massacre,)  sat  down  to 
dice  with  tne  Duke  of  Guise,  and  just  as  they  were  going  to 
play,  he  perceived  what  he,  supposed  to  be  drops  of  blood 
Attempts  were  made  to  wipe  these  drops  away,  but  thpy  still 
returned,  or  new  ones  were  seen  in  their  places.    The  strictest' 
examination  was  made  a^ong  the  spectators,  yet  it  could  not 
be  discovered  whence  the  drops  proceeded.    This  event  made 
so  strong  an  impression  upon  the  mind  of  Henry,  that  he 
alluded  to  it  in  the  memorable  speech  he  delivered  to  his  pat^ 
liament,  not  less  than  27  years  afterwards :  "I,^*  says  he,  "look 
ed  upon  it  as  a  dismal  omen,  and  rising  up  from  piay,  I  turned 
aside,  and  said  to  some  of  my  particular  friends,  tnat  I  fore* 
saw  much  blood  would  be  sh^d.     From  the  best  evidence  that* 
history  affords  us  of  this  event,  we  can  collect  but  iittle^in 
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formationoftlie circumstances  ofthe  moment;  but  black,  as  tTiifi 
black  «pot3  of  the  dice,  may  he  so  completely  changed  into  scattf"  ^ 
let,  that  we  cannot  at  this  day  consider  the  appearance  of  tlj^' 
Wood-spots  as  any  thing  more  than  the  accidental  occuvrenco' 
of  a  natural  phenomenon.  Let  any  person  lake  a  book,  and 
standing  in  the  strong  light  of  the  sun,  which  must  fall  upon 
his  eyelids,  but  not  upon  the  book,  let  him  look  steadily  at 
the  printing,  and  he  will  soon  see  the  blackness  of  the  letters 
changed  to  the  hue  of  verniillion. 

■fhis  appearance  is  of  easy  explanation;  it  is  well  known,  thaS 
when  we  turn  our  eyes  to  tne  sun,  with  our  eyelids  closed,  we' 
have  the  sensation  of  a  lively  rod-  Now  the  eyes,  which  are" 
covered  with  respect  to  the  sun  by  the  eyelids,  arc  open  to  thej 
book,  and  consequently  the  white  of  the  paper,  which  reflects" 
Eo  much  light,  makes  upon  the  retina  an  impression  sufficient  to 
erase  the  impression  of  the  red  rays  in  all  the  points  of  the,' 
retina  upon  which  the  white  rays  fall.  The  black  letters,  on  the ' 
contrary,  which  are  printed  on  the  white  paper,  send  back  few" 
or  no  rays  to  the  bottom  of  the  eye,  ^nd  consequently  all  the  . 

Eoints  ofthe  retina,  on  which,  in  other  cases,  they  are  depicted  J 
lack,  preserve  in  all  their  vigour,  the  first  impressiun  of  red' 
which  had  been  made  by  the  sun  upon  the  whole  retina.  The 
circumstances,  essential  to  the  production  of  this  illusion,  ni-ej  . 
I.  the  sun's  shining  upon  the  eyelids;  2.  the  rays  of  the  sufl;' 
not  falling  upon  any  of  the  black  spots  ;  3.  the  sun's  having' 
ebone  for  at  least  two  minutes  upon  the  eyelids,  ' 

■2  Of  lite  Inflection  and  Deflection  of  Light. 

"  "The  refraction  of  light.  We  have  seen,  is  attributed  to  a  power' 
of  attraction  appertaining  to  all  bodies,  and  exerted  at  a  little  * 
distance  from  their  surfeces;  reflection,  on  the  contrary,  is 
produced  by  a  power  of  repulsion,  and  also  tates  effect  before 
thelight  actually  strikes  th«  reflecting  surface.  If  these  attrac- 
tive and  repulsive  energies  have  any  real  existence,  the  rays  of ' 
li^ht,  under  certain  circumstances,  will  be  bent,  in  a  manner' 
that  cannot  be  classed  under  either  refraction  or  reflection.  J 
Accord  in  ;,'ly,  we  find,  that  if  a  ray  of  light  pass  very  near  a  . 
body,  without  impinging  upon  it,  it  is  bent  inwards,  or  towardg' 


the  body;  thfe  cnange  in  the  direction  of  the  ray,  is  called" 
infferthn.  it  the  ray  pass  at  a  greater  distance,  it  is  bent  out ' 
wards,  or  fmtn  the  body;  this  cnange  in  the  direction  of  thB" 
ray.  is  called  deflection. 

When  a  beam  of  the  sun's  light  passes  thr6ngh  a  hole  iti  'a 
MiMlowfllrutter,  theimage  thrown  upon  a  screen  or  an  oppositi' ^ 

"91,  is  larger  than  tt  would  be  if  therays,  crossing  at  the  apcr 
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ture,  proceeded  in  straight  lines  from  the  circumference  of  the 
sun's  disk  to  the  wall.  It  becomes  therefore  an  object  of 
inquiry,  to  determine  the  cause  by  which  it  has  been  expand- 
ed'; and  we  find,  on  close  examination,  that  the  side  of  the 
aperture  has  inflected  or  caused  to  diverge  from  the  axis  of  the 
beam,  the  rays  which  have  passed  near  it  all  around. 

Inflection  was  first  discovered  by  GHmaldi,  who  made  numy 
curious  experiments  and  observations  relative  to  it ;  but  the  fol- 
lowing experiments  of  Sir  Isaac  Newton,  will  be  better  adapted 
than  urimaldi's  to  explain  the  nature  of  this  property  of  hght. 
At  the  distance  of  two  or  three  feet  from  the  window  of  a 
darkened  room,  in  which  there  was  a  hole  three-fourths  of  an 
inch  broad,  to  admit  the  lieht,  he  placed  a  black  sheet  of  paste- 
board, having  in  the  middle  a  hole  about  a  quarter  of  an  inch 
square,  and  behind  the  hole  the  blade  of  a  sharp  knife,  to  inter- 
cept a  small  part  of  the  light  which  would  otherwise  have  passed 
through  the  hole.  The  planes  of  the  pasteboard  and  blade  were 
parallel  to  each  other,  and  when  the  pasteboard  was  removed 
to  such  a  distance  from  the  window,  tnat  all  the  light  coming 
into  the  room  .must  pass  through  this  hole  in  the  pasteboaro^ 
he  received  what  came  through  the  hole  on  a  piece  of  paper 
two  or  three  feet  beyond  the  knife,  and  perceived  two  streains 
of  faint  light  shooting  out  both  ways  from  the  beam  of  Ught 
into  the  shadow.  As  tne  brightness  of  the  direct  ravs  obscured 
the  fainter  light,  by  making  a  hole  in  his  paper,  ne  let  them 
pass  through,  and  had  thus  an  opportunity  of  attending  closely 
to  the  two  streams,  which  were  nearly  equal  in  length,  breadth, 
and  quantity  of  light.  That  part  which  was  nearest  to  the  sun*s 
direct  light,  was  pretty  strong  for  the  space  of  about  a  quarter 
of  an  inch,  decreasing  gradually  till  it  oecame  imperceptible, 
and  at  the  edge  of  the  knife  it  subtended  an  angle  of  about 
twelve  or  at  most  of  fourteen  degrees. 

Another  knife  was  then  placed  opposite  to  the  former,  and 
he  obser.ved,  that  when  the  distance  of  their  edges  was  about 
the  four-hundredth  part  of  an  inch,  the  stream  divided  in  the 
middle,  and  left  a  shadow  between  the  two  parts  which  was  so 
dark,  that  all  the  light  passing  between  the  knives  seemed  to 
be  bent  aside  to  one  knife  or  the  other ;  as  the  knives  were 
brought  nearer  to  each  other,  this  shadow  grew  broader,  till 
upon  the  contact  of  the  knives  the  whole  Hght  disappeared. 
He  observed  also,  fringes  of  difierent  coloured  light,  three 
made  on  one  side  by  the  edge  of  one  knife,  and  three  on  the 
other  side  by  the  eage  of  the  other. 

Grimaldi,  Ur.Hooke,  and  all  the  philosophers  who  made  expe- 
riments on  inflection  before  the  time  of  Newton,  ascribed  the 
broad  shadows,  and  even  the  fringes  which  he  mentions,  to  the. 
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__  Ktinnry  refraction  of  tlie  air;  but  the  investigation  upon 
which  he  entered  to  discover  their  cause,  afforded  him  sutis- 
factory  evidence  to  conclude  that  bodies  have  the  potver  of 
acting  upon  light,  at  a  distance. 

The  Philosophical  Transactions  for  1796,  coutain  a  paper  by 
Henry  Brougham,  F.  R.  S.,  detaihng  one  of  tJie  most  valuable 
series  of  exjieriments  on  the  mechanical  properties  of  light, 
%vhich  has  appeared  since  tlie  time  of  Newton.  It  had  been 
generally  supposed  that  the  parts  of  which  light  consists,  have 
all  the  same  disposition  to  be  acted  upon  by  bodies  which  in- 
ilect,  deflect,  and  reflect  them  \  but  he  soon  proved  that  this 
opinion  was  erroneous.  Having  admitted  into  a  darkened 
chamber,  a  beam  of  the  sun's  liglit  through  a.  hole  in  a  metal 
plate  (fixed  in  tlie  window  shutter)  of  ^\,tb  of  an  inch  in  diame- 
ter; and  all  other  light  being  absorbed  bv  bluclv  cloth  bung 
before  the  window  and  in  tlie  room,  at  the  hole  he  placed  a 
prism  of  glass,  whose  refracting  angle  was  io  degrees,  and 
which  was  covered  all  over  with  black  paper,  except  a  small 
part  on  each  side,  which  was  free  from  impurities,  and  through 
which  the  ^ight  was  refracted,  so  as  to  form  a  distinct  and 
tolerably  homogeneous  spectrum  on  a  chart  at  six  feet  from 
the  window.  In  the  rays,  at  two  feet  from  the  prism,  he  placed 
a  black  unpolished  pin,  one-tenth  of  an  inch  in  diameter,  pa- 
rallel to  the  chart,  and  in  a  vertical  position.  Its  shadow  was 
formed  in  the  spectrum  on  the  chart,  and  had  a  considerable 
penumbra,  especially  in  the  brightest  red.  It  was  by  no  means 
of  the  same  thickness  in  ail  its  parts;  in  the  violet  it  was 
broadest  and  most  distinct;  in  the  red  it  was  narrowest  and 
most  confused,  and  ib  the  intermediate  colours  it  was  of  an 
intermediate  thVckness  and  degree  of  distinctness.  It  was  not 
bounded  by  straight,  but  by  curvilinear  sides,  which  were  con- 
cave outwardly.  This  figure  of  the  shadow  wae  not  owing  to 
any  irregularity  in  the  pin,  for  the  same  thin^  happened  with 
nil  sorts  of  bodies  that  were  used ;  and  also  if  the  prism  was 
moved  on  its  axis,  so  that  the  colours  might  ascend  and  de- 
scend on  these  bodies,  still,  wherever  the  red  fril  it  made  the 
least,  and  the  violet  the  greatest  shadow.  In  the  n^iit  place, 
he  fixed  a  screen,  having  in  it  a,  large  bole  on  which  was  a 
brass  plate,  pierced  with  a  small  hole  oi^  of  an  inch  in  dia- 
meter; then  causing  an  assistant  to  move  the  orism  slowly  on 
its  axis,  he  observed  the  round  image  made  by  tl>e  different 
rays  passing  through  the  hob  to  the  chart;  that  made  by  the 
_f«d  was  greatest,  by  the  violet  least,  and  by  the  intermediate 
iyt<  of  an  intermediate  size.  Also,  when  at  the  back  of  the 
sle  be  held  a  sharp  blade  of  a  knife,  so  as  to  produce  the 
i  mentioned  by  Gnualdi  and  Newton,  those  friiigeB  ip 
—Vol.  I.  S  M 
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the  red  were  broatlest,  and  most  moved  inwards  to  the  shadow, 
and  most  dilated  when  the  knife  war  moved  over  the  hole; 
and  the  hole  itself  on  the  chart  was  more  dilated  durino:  the 
motion  when  illuminated  by  the  red,  than  when  illuminated  by 
any  other  oFthe  rays,  and  least  of  all  when  illuminated  by  the 
violet.  From  these,  and  a  great  variety  of  other  experiments, 
well  devised  and  often  repeated  with  rigorous  care,  he  infers* 
that  the  rays  of  light  are  separable  into  their  primitive  cofoors, 
by  inflection,  deflection,  and  reflection,  as  well  as  by  refVac^ 
tion ;  thcit  the  flexibilities  and  reflexibilities  of  the  rays  are  in- 
versely as  their  refrangibilities ;  that  is,  those  which  deviate 
the  least  by  refraction,  deviate  the  most  by  flection,  and  are 
reflected  the  furthest  from  the  perpendicular;  and  that  the  dif- 
ferent flexibilities,  reflexibilities,  and  refrangibilities  of  the 
rays,  are  all  produced  by  the  differences  in  tne  magnitude  of 
the  particles.  He  calculates  that  the  size  of  the  red  particles 
are  to  those  of  the  violet  as  1275  to  1253.  This  he  extends  to 
all  the  other  colours  by  similar  calculations,  their  sizes  lying 
between  1275  and  1253;  which  are  the  extreme  red  and  ex- 
treme violet;  the  red  therefore  is  from  1275  to  1272} ;  the  orange 
from  1272 J  to  1270;  the  yellow  from  1270  to  1267;  the  green 
from  1267  to  1264;  the  blue  from  1264 to  1260;  the  indigo  from 
1260  to  1258,  and  the  violet  from  1258  to  1253.  The  whole  pa- 
er  is  highly  curious  and  deserving  of  attention,  but  it  would 
e  impossible  to  do  it  justice  by  analysis  in  our  limits. 
From  the  separation  of  light  into  its  component  parts,  by 
inflection,  we  readily  penceive  how  the  coloured  fringes  of 
light  thus  influenced  are* produced  ;  but  other  appearances  de- 
rive their  origin  from  inflection,  where  colour  is  not  always 
observable.  On  lookirig  at  the  printing  of  a  book  through  a 
very  small  hole,  such  as  the  hole  made  by  a  needle  in  a  piece 
of  paper,  the  letters  appear  considerably  magnified.  In  this 
case,  the  rays  which  fotm  the  image  pass  so  near  the  circum- 
ference of  the  hole,  as  to  be  inflected  by  it,  and  they  therefori* 
form  a  larger  picture  on  the  retina  than  the  direct  rays  would 
have  done.  When  we  look  at  a  distant  steeple,  or  any  similar 
object,  and  intercept  the  direct  rays  from  it  by  crossing  the 
line  of  sight  with  a  wire  of  rather  less  diameter  than  the  pupil, 
held  very  near  the  eye,  the  object  will  be  seen  by  rays  bent 
inwards  or  inflected,  which  would  otherwise  not  have  entered 
the  eye,  and  as  they  make  a  much  larger  angle,  the  object 
appears  magnified. 

When  we  lo.ok  at  a  candle,  or  any  other  luminous  body,  with 

our  eyes  almost  closed,  streaks  of  light  appear  to  dart  upwards 

and  downwards;  if  the  head  be  reclined,  the  change  in  the 

'difectitrti  of  the  streaks  is  corr^sponfderit.   Thii  appetetranoe  has 
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been  most  commooly  attribnted  to  the  Inflection  of  light  pasa- 
ing  between  the  eye-lashes;  but  it  is  most  probable  that  inflec- 
tion only  occasions  a  very  small  part  of  it;  and  that  the  rest  is 
produced  by  the  refraction  of  light  through  the  humours  ad- 
hering to  the  eye-lids,  because,  as  Brougham  obserTes,  the 
streaks  which  dart  from  the  top  of  the  luminous  body  ai« 
formed  by  the  under  eye-lid  ;  or  at  least  by  the  moisture  ad- 
hering to  the  under  ciliary  process,  and  those  which  appear 
from  the  bottom  of  the  body,  by  the  upper  eye-lid ;  which 
could  not  be,  either  if  they  were  formed,  as  some  have 


posed,   by   reflection   from   the   processes, 
lugh  the  lashes. 


by    inflection 


Of  ike  JUtfC  and  ike  general  Phenomena  of  Vision. 

The  eye  is  an  organ,  not  less  admirable  in  its  mechanical 
properties  and  structure,  than  invaluable  for  its  use.     To  ex- 

Catinie  on  its  utility  would  be  idle,  to  treat  of  its  expression 
elougs  to  the  physiognomist;  it  is  our  duty  to  explain  merely 
the  manner  in  which  it  performs  its  office.  To  this  end  w4 
must  first  describe  its  several  parts: 

The  eye  is  of  a  globular  figure,  rather  protuberant  in  front,  , 
and  is  composed  of  three  membranes  called  coats,  and  threif  . 

Eellucid  substances  called  humours.     Each   coat  and   eactt   , 
umour  has  a  ditterent  name.    By  fig.  3,  pi.  IV,  is  represented   I 
a  section  of  the  human  eye.     The  part  DHHG,  of  the  outef 
coat,  is  called  the  sclerotica,  the  exterior  part  or  continuation 
of  it,  DEFG,  is  called  the  cornea,  from  its  resembling  horrti 
The  sclerotica  is  strone  and  unelastic,  and  the  muscles  whicM 
move  the  eye  are  attached  to  it.     What  ia  called  the  white  of 
the  eye,  is  a  part  of  this  coat.     The  cornea  bulges  out  a  little 
from  the  eye-oall;  it  is  circular,  and  exceedingly  transparent.  " 
The  next  coat  to  the  Bclerotica  Is  called  theehoToidea,  which 
serves  as  a  lining  to  it.  .  It  is  of  a  daric  colour  in  the  hnmalt   i 
eye.  hut  white  in  cats  and  owls,  and  green  in  animals  that  livd 
on  grass  and  vegetables.     Its  texture  is  soft  and  pulpy,  and 
too  weak  to  be  susceptible  of  muscular  motion,  except  at  itR 
extremities  towards  the  front  of  the  eye.    Like  the  scleroticff/  1 
it  is  distinguished  into  two  parts;  the  fore-port  being  called  J 
thei'm,  while  the  hinder  part  retains  the  nameof  thechoroidew  J 
The  iris  commences  immediately   untier  the  commencemeilS.I 
of  the  cornea.     It  hare  attaches  itself  more  strongly  to  th4  1 
•  sclerotica  by  a  c«llulnr  sobslance,  forming  a  kind  of  whit^  j 
narrow,   circular  rim,  called  the  dtiary  cinh.      The   Jris  ^  ^ 
that  remarkable  circle,  which  gives  the  eye  its  character  As  tt/  , 
colour;  it  is  composed  of  two  aotB  of'- imiaeulv  lt^*'i' tM  j 
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file  tendinis,  like  rmdn,  towards  tbe  centre  of  the  circle,  and 
th^  other  forming  a  Bomber  of  cpnoentrte  circlet  round  tlia 
eaine  centre.  The  central  part  of  the  iris  ie  perforated,  and  the 
ILperture,  which  is  called  the  pupil,  is  alwajs  round,  but  varied 
10  diameter  by  the  action  of  the  two  sets  of  muscular  fibres 
fiomposing  the  iris.  When  a  very  luminous  object  is  Tiewed, 
the  circular  fibres  contract,  the  radial  are  relaxed,  and  thus  the 
sise  of  the  pupil  is  diminished ;  on  the  other  hand,  when  the 
ol^ecta  are  dark  and  obscure,  the  radid  fibres  of  the  iris  con- 
tract, the  circular  are  relaxed,  and  the  pupil  is  enlarged,  so 
th(it  it  admits  a  greater  quantity  of  li^ht.  By  candle-light,  the 
contraction  and  dilation  of  tne  pupil  may  be  Terr  distinctly 
observed,  with  the  assistance  of  a  looking-glass^  If,  with  our 
eyes  directed  to  the  mirror,  we  bring  the  candle  close  to  our 
face,  we  shall  find  the  pupil  become  very  small;  4f  the  candle 
l>e  removed  and  completely  shaded  for  about  a  minute,  and 
ih^Q  brougbt  to  its  farmer  place,  it  will  be  found  that  the  pur 
l^il  has  greatly  dilated,  and  that  it  again  contracts  as^he  lighl 
drfiwa  nearer ;  if  tbe  light  shine  much  more  strongly  on  one 
eye  than  thie  other,  the  pnipil  of  tbe  shaded  eye  will  not  cett^ 
tract  so  much  as  the  other,  i 

The  V^hole  of  the  ohoroide  membrane  is  opaque,  by  which 
i^aqs  no  light  cain  emer  the  eye  but  what  passes  through  tM 
pupil,  but  to  render  the  chamlser  of  the  eye  still  daAer,  dl^ 
posterior  surface  of  this  membrane  is  covered  with  a  black 
inucus  called  the  pigmtrUnm  nigrum. 

Under  the  tris«  there  is  a  prolongation,  n  n,  of  the  choroides; 
which  forms  a  circular  band  of  radial  fibres,  turning  inwards 
towards  the  centre  of  the  eye,  and  filled  up  between  mtk  i 
^lack  mucus,  givins  it  the  appearance  of  a  membrane.  This 
circular  band  Is  called  the  tigamenium  dlian,  or  ciliary  ligjt^ 
ment. 

The  tht#d  and  last  coat  of  the  eye  is  called  the  retina.  This 
is  a  fine  and  delidate  membrane,  beinff  an  expansion  of  tbe 
optic  nerv^e  L,  which  proceeds  from  the  brain.  Its  course  is 
represented  by  dots  in  the  figure;  it  is  spread  like  a  net  of  ex* 
quisite  deficaoy,  all  ov«r  the  concave  sorface  of  the  cboroidesj 
and  terminates  at  the  ciliary  ligament  ft «.  It  receives  the 
imagas  of  objects,  which  are  depicted  upon  it  by  the  rays  of 
light  that  cuter  at  the  pupil.  It  is  of  itself  transparent,  and  of 
an  ash-coloured  white,  but  ttppears  black  on  account  of  the 
pigmentum  nigrum  behind  it.  The  optid  nerve,  L,  which 
passes  tiirou^  a  small  hole  in  the  bony  cavfty  coiitaiainfif  tbe 
ere,  Md  oonveyk  to  the  sensorium  the  impressions  made  otf 
toe  rfB^ina^  is  not  in  the  centre  of  the  eye,  but  a  little  <m  onsf 
|j4^»:ii»clining  towards:  the  nese. 
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The  lliree  transparent  substances  enclosed  by  the  coata  oC 
the  eye  are  called  tlie  aqueous,  cri/sla/ine.  and  vitreous  kumourii 
Thefirst  of  these,  or  aqueous  humoar,  resembles  water,  whence 
its  name.  It  gives  a  protubemnt  figure  La  the  cornea,  fills  tho'^ 
two  cavities  mm.n  »,  between  the  cornea  and  ciliary  ligament,, 
which  cavities  communicate  by  the  papil  P.  The  part  m  m, 
is  called  the  anterior,  and  n  n  the  posterior  portion  of  ths 
aqueous  humour,  the  iris,  which  swims  in  it,  constituting  ther 
division.  The  refractive  power  of  the  aqueous  humour  is  likfl. 
that  of  water. 

The  second,  or  crystalline  humour,  R,  is,  like  the  rormer,i 
eminent  for  its  transparency,  whicli  exceeds  that  of  the  purest 
crystal;  it  has  the  consistence  of  a  hard  jelly,  growing  soma*' 
what  softer  from  the  middle  towards  the  edges.  Its  form  \m 
that  of  a  double  convex  lens,  but  more  convex  on  the  interior 
than  the  exterior  surface.  Resembling  a  lens  in  its  form,  it 
also  resembles  one  in  its  use :  it  converges  the  rays  whidi( 
pass  through  it  from  every  visible  object  to  its  focus  on  thd 
retina.  It  is  inclosed  in  a  fine  transparent  cover,  or  mem-^ 
brane,  called  the  oTachnoidea,  which  is  attached  to  the  ligamen". 
turn  cUiare  before  mentioned;  and  by  that  means  it  is  Busq 
pended.  The  radial  fibres  of  the  ligamentum  ciliare,  have  the  _ 
power  of  contracting  and  dilating  occasionally,  by  which  meanti 
they  alter  the  shape  or  convexity  of  this  natural  lens,  and  shift 
it  a  little  backwards  and  forwards  in  the  eye,  so  as  to  adapt 
its  focal  distance  from  the  retina  to  the  different  distances  of 
objects.  Without  this  or  some  equivalent  arrangements,  w«( 
should  only  see  those  objects  diErtinctly  that  were  at  one  dia* 
tance  from  the  eye.  i 

At  the  back  of  the  crystalline,  lies  the  third  or  vitreous  hu-t 
mour  KK.  It  receives  its  name  from  its  supposed  resembtanca 
to  melted  glass.  It  is  not  ho  hard  as  the  crystalline,  nor  so 
liqnid  as  the  aqaeous  humour.  It  is  by  far  the  largest  of  all 
the  humours  in  quantity,  and  gives  the  eye  its  globular  shape. 
In  its  refractive  power,  it  very  little  exceeds  water;  in  coni4 
sistence  it  is  like  the  white  of  an  egg. 

As  every  point  of  an  object,  ZVX,  sends  out  pencils  of  rayt 
in  all  directions,  some  ravs  from  every  point  on  the  tide  next 
the  eye,  will  fall  upon  the  cornea  between  EF,  and  by  passing  ■ 
on  through  the  pupil  and  humours  of  the  eye,  they  will  b« 
converged  to  as  many  points  on  the  retina,  and  will  there  forttt  ■ 
t  distinct  inverted  picture  BYA,  of  the  object:  for  th*  pencil  ■ 
of  rays  flowing  from  the  point  Z  of  the  object,  will  be  cottr 
verged  to  the  point  A  of  the  retina^  those  froiri  the  point  V 
Will  be  converged  to  the  point  Y ;  those  froM  the  point  X  wiU 
be  converged  to  the  point  B,  and  Hy<  fiora  4JI  the  iotenfiet 
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diate  points  being  conrerged  in  like  manner,  the  whole  im^ge 
BYA  18  formed,  and^he  object  made  visible. 

With  two  eyes  we  not  only  see  objects  about  one-thirteenth 
part  brighter  than  when  we  use  only  one«  but  we  see  them  in 
a  different  situation.  Those  who  h&ve  lost  the  use  of  cme  eye 
are  apt  to  mistake  the  distances  of  objects  even  within  arm's 
lengtn  ;  and  in  such  actions  as  the  threading  of  a  needle,  or 
the  snuffing  of'a  candle,  they  do  not  succeed  without  consi-* 
derable  experience. 

It  has  otten  been  a  subject  of  inquiry,  why  we  see  objects 
in  their  true  position,  though  the  image  on  the  retina  is  in- 
verted, b^t  no  satisfactory  solution  of  the  difficulty  has  ever 
been  given.  And  we  should  be  as  likely  to  receive  an 
atisweri  if  we  were  to  ask,  why  we  do  not  peroeive  e?ery 
object  bent,  because  the  image  of  it  is  depicted  oipon  a  con- 
cave surface.  It  is  certain  that  unless  distinct  images  are 
tainted  on  the  retina»  objects  cannot  be  clearly  perceived, 
f  from  too  little  light,  remoteness,  or  any  other  cause,  a 
picture  is  indistinctly  painted  on  the  retina,  an  obscure  or 
indistinct  idea  of  the  object  is  conveyed  to  the  mind.  The 
picture  on  the  retina  is  thereTore  so  far  the  cause  of  vision, 
that  our  ideas  of  visible  objects  vary  as  it  varies,  and  when 
it  is  not  iPormed,  nothing  is  seen.  Yet  we  may  fairly  von- 
dode,  that  the  mind  does  not  look  upon  the  image  on  tht 
retina;  for  in  cases  of  the  gutta  serena,  a  disorder  which 
tilfiects  only  the  optic  nerve,  the  pictures  on  the  retina  are  as 
perfectly  formed  as  in  the  best  eyes,  although  the  patient  is 
afflicted  With  incurable  blindness.  It  is  the  optic  nerve, 
therefore,  which  conveys  the  impressions  made  on  the  retina 
to  the  brain,  but  how  they  are  there  communicated  to  the 
mind  is  screened  from  the  view  of  man.  It  has  been  sup* 
posed  that  we  acquire  by  experience  the  habit  of  seeing 
objects  erect,  but  there  are  many  striking  facts  to  prove  the' 
contrary;  persons  who  have  been  blind  from  infancy,  and  who 
have  been  suddenly  restored  to  sight  by  a  surgical  operation, 
have  not  been  led  into  the  smallest  mistakeJ  In  fact,  ho  rea- 
son can  be  giveh  why  the  tnind  should  not  perceive  as  accu- 
rately the  position  of  bodies,  when  the  rays  reflected  from  the 
upper  parts  of  those  bodies  fall  upoii  the  lower  patts  of  the 
eye^  as  if  the  contrary  took  place. 

'To  see  an  object  distinctly,  besides  a  sufficient  quantity  of 
light,  it  is  necessary  that  the  pencils  of  divergent  rays  which 
enter  thd  eye,  should  converge  to  points  on  the  retina.  If 
thcf  pencils  fall  in  an  uneonverged  state'  on  the  retina,  the 
icatt^r^  s^ate  of  the  light  causes  it  to  make  an  indisitinct 
impression,  which  may  arise  from  two  causes:  1.  The  rayt 


may  require  a  greater  distance  tlian  the  size  uftlie  eyeadin 
or,  before  ihey  can  be  converged  ;  and,  2.  tliey  may  convei 
before  lliey  reach  the  retiua,  in  cuiisecjuence  of  which  iliey  vtt^  1 
fall  upon  it  ill  a  dispersed  state,  because  they  have  crossed  aa({- 
begun  to  diverge.  Persons  having  the  former  defect,  are  called 
tong-siglited,  a^  they  can  frequently  see  objects  at  a  great  diil  I 
tance  better  than  those  near  at  hand.  The  reason  is,  that  | 
from  age  and  infiimity,  the  cornea  and  crystalline  lens  becomd  | 
flatter,  and  consequently  incapable  of  converging  the  rays  so  ] 
soon  to  points ;  and  the  defect  is  further  increased,  and  may  I 
sometimes  [jerhaps  be  wholly  occasioned,  by  the  ciliary  ligt^l 
ment  becoming  either  too  flaccid  or  too  rigid,  to  produce  thif  I 
various  adjustments  necessary  to  view  objects  atdiderent  div  \ 
tances.  \Vhea  the  pencils  of  rays  are  converged  to  poinW  j 
before  they  reach  the  retina,  the  persons  subject  to  the  visual  i 
defect  thence  arising  are  said  to  be  short-siqhted,  becuiis&  I 
they  can  only  see  those  objects  distinctly  which  are  very  neai*  J 
their  eyes.  The  subject  ol  long  and  short  sighteilness  will  bit  J 
resumed,  when  we  treat  of  spectacles;  here  we  shall  only  fuM  I 
ther  observe,  that  the  eye  is  as  much  under  the  dominion  oB  J 
habit  as  any  of  our  senses,  and  when  long  inured  to  one  claW  i 
of  objects,  becomes  less  fit  for  all  others.  The  engraver,  whtv  I 
is  constantly  employed  in  viewing  objects  near  at  hand  willtP  I 
great  attention,  loses  much  of  the  facility  of  discerning  objectot  1 
at  a  distance ;  but  the  sailor,  who  never,  perhaps,  strains  htB(  I 
eyes,  except  at  distant  objects,  becomes  less  capable  of  seeing  ' 
distinctly  those  which  are  near  at  hand.  • 

The  advantages  of  having  two  eyes,  even  so  far  as  we  artf^ 
acquainted  with  them,  are  not  confined  mertly  to  improving' 
the  brightness  of  objects,  and  shewing  them  in  their  true' 
places.  In  each  eye  there  is  a  spot  wnere  no  vision  takes ' 
place,  and  this  spot,  which  is  about  the  fortieth  of  an  inch  in ' 
diameter,  lies  exactly  upon  the  insertion  of  the  optic  nerve,  aa^ 
that  we  cannot  perceive  the  image  of  any  object  that  faUl* 
upon  it  at  the  hinder  part  of  the  eye,  provided  the  other  ey«i 
be  shut;  but  as  the  insensible  parts  of  the  two  eyes  are  oi»> 
the  sides  next  each  other,  that  part  which  is  invisible  to  oaen 
eye,  is  visible  to  the  other,  and  therefore  the  whole  is  seen. ' 
To  be  satisfied  of  the  existence  of  such  a  spot,  the  following 
experiment  may  be  resorted  to.  Let  three  pieces  of  paper  b«i 
fastened  upon  the  side  of  a  room,  about  two  feet  asunder; 
and  let  the  person  place  himself  opposite  to  the  middle  paper* ' 
and  beginning  near  to  it,  retire  gradually  backwards,  all  tha'' 
while  keeping  one  of  his  eyes  shut,  and  the  other  turned' 
obliquely  towards  that  outside  paper  which  is  towards  tha' 
covered  eye,  and  he  will  find  a  situation,  {which  is  generally  - 
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about  five  times  the  distance  at  which  th6  papers  ate  yWeeA 
from  o^e  another,)  where  the  middle  paper  wiU  entirely  di»* 
appear,  while  the  two  otttermost  continue  plainly  yisible; 
because  the  rays  which  come  from  the  middle  paper  will  fall 
Upon  that  part  of  the  retina  where  the  optrc  nenre  enters. 
Hence  it  is  evident,  that  if  the  optic  nerve  had  not  been  iih* 
scrted  on  one  side«  the  centre  of  our  field  of  view  would  have 
been  invisible. 

We  lyave  previovsly  had  occasion  to  la^ntion  the  visaal 
angle,  and  to  intimate  that  the  larger  it  was.  the  greater  the 
apparent  magnitude  of  any  object  beheU.  The  meaning  of 
this  expressioa  will  now  be  apparent,  U'om  the  description 
we  have  given  of  the  eye ;  but  to  render  it  still  more  evident, 
we  shall  refer  to  a  %ure.  Let  AB,  fig.  4,  pi.  IV,  bean  object 
viewed  by  the  eye  QR.  From  each  extremity  draw  the  linea 
AN  and  BM^  intersecting  each  other  in  the  crystalline  ha- 
mour  at  i.  Then  draw  the  line  IK,  in  the  direction  in  whtck 
the  eye  is  supposed  to  look  at  the  object.  The  angle  AlB 
is  then  die  optical  or  visual  angle,  and  the  line  IK  is  called 
the  optical  axUy  because  it  is  the  axis  of  the  tens  or  crystalline 
humour  continued  to  the  object.  The  apparent  magnitude 
of  objects,  then,  depending  thuA  on  the  an^le  ender  wKrcb 
they  are  seen,  must  evidently  vury  according  to  their  rfia- 
tances.  Thus  different  objects,  as  AB,  CD,  £F,  the  real 
magnitudes  of  which  are  very  unequal,  may  be  situated  at 
stich  distances  from  the  eye  as  to  have  their  apparent  niag-^ 
nitudes  all  equal;  for  if  they  are  situated  at  sucn  distances, 
that  the  rays  AN,  BM,  shall  touch  the  extremities  of  each, 
they  will  then  all  appear  under  the  same  optical  angle,  and 
the  diameter  MN,  of  each  image  on  the  retina  will  coiise-> 
quently  be  equal.  In  the  same  manner,  objects  of  equal  mag- 
nitude, situated  at  unequal  distances,  will  appear  unequal. 
For  let  AB  and  GH,ibe  two  objects  of  equal  size,  placed 
before  the  eye  at  different  distances,  IK  and  IS ;  draw  the 
lines  GP  and  HO,  crossing  each  other  in  I ;  then  OP,  the 
image  formed  by  the  object  GH  on  the  retina,  is  evidently  of 
a  jpreater  diameter  than  the  image  MN,  which  represents  the 
object  AB;  in  other  words,  the  object  GH  will  appear  as  large 
as  an  object  of  the  diameter  TV,  sitiiated  at  the  same  place  as 
the  objieet  AB. 

When  we  look  from  one  end  towards  the  other  of  a  lon^ 
and  straight  row  of  hooses  or  ti^ees,  they  appear  gradually  td 
diminish  as  they  are  further  removed  from  the  eye,  though 
upon  a  nearer  inspection  they  are  all  found  tabe  of  equal  me* 
It  vill  be  evident,  from  the  observations  we  have  just  made 
respecting  the  visual  angle,  that  this  must  be  the  case;  for  the 


«» 


angle  under  which  similar  objects  are  seen,  and  consequently 
the  evidence  which  sight  affords  us  of  theirmngnitude,  is  in  t^  ■ 
inverse  proportion  to  the  distance  of  those  objects.    The  appM  4 
rent  exceptions  to  this  rule  apply  to  objects  where  the  evidencv  i 
of  sight  is  corrected  by  the  jud^ent.  When  objects  are  neai*,'  '^ 
we  do  not  judge  of  their  magnitude  according  to  llie  yisufl* 
angle.     Though  a  man  six  feet  hiffh  is  seen,  at  the  distance  o 
six  feet,  under  the  very  same  angle  aa  a  dwarf  only  two  fet 
h'tgh,  at  the  distance  of  two  feet,  still  the  dwarf  does  no8  i 
appear  as  large  as  the  man,  because  we  are  instantly  able  ttfV 
make  the  requisite  allowance  for  the  difference  of  distance. 

But  when  the  distance  is  considerable,  and  we  have  no  o] 
portunity  of  comparing  one  object  with  another,  we  soon  pe 
ceive  that  the  rule  just  laid  down  has  iu  foundation  in  natur 
When  Denon  first  drew  near  the  gigantic  pyramids  of  Oizel^ 
he  was  not  particularly  struck  with  their  magnitude,  prine94ifl 
pally  because  there  were  no  objects  in  the  vicinity  by  which  4^ 
comi>arison  could  be  made;  but  this  impression  was  speedtff 
effaced,  when  he  had  observed  a  hundred  people  who  had  pre' 
ceded  him  assembled  at  the  base  of  one  of  them,  the  decepiiw 
iiistanlly  vanished,  a  comparison  was  formed,  and  the  stupe^^ 
dfius  pile  assumed  all  its  appropriate  majesty.  '^' 

-As  an  image  of  every  visible  object  is  painted  on  the  retin^i 
of  each  of  our  eyes,  we  may  be  inclined  to  inquire,  why  we  dv 
not  see  every  object  doubled  ?     Of  the  various  opinions  w 
have  been  advanced  in  explanation  of  this  difficulty,  the  i 
satisfjctory  is,  that  in  the  two  eyes  there  are  correspondirti 
parts  of  the  retinas,  which  are  probably  susceptible  of  the  si 
impression  m  equal  degree,  and  convey  it  to  the  sensorium  I 
that  equal  degree;  hence,  as  long  aa  similar  points  of  the 
fait  upon  the  corresponding  points  of  the  retinas,  the  percei 
tinn  of  the  s^me  object  is  single,  otherwise  it  is  double.     It 
a  confirmation  of  this  theory,  that  when  a  person,  whose  siel 
ia  perfect,  looks  with  both  eyea  at  an  object  straight  before  him 
the  axes  of  both  eyes  are  inclined  towards  eaeh  other  in  equdl 
degrees,  and  directed  to  the  same  point.     In  thts  ca 
images  are  formed  upon  the  corresponding  parts  of  ihe  r 
and  in  all  other  cases,  the  eyes  move  in  unison,  to  produce  t 
saraeeffect;  but  while  the  same  object  still  continues  to  be  v 
garded,  let  the  position  of  one  eye  be  varied  a  little  by  a  sli^ 
pressure  of  the  finger,  and  the  object  will  instantly  I'ppe^l 
"s  of  one  eye,  whicn  ttq 


double.     Now  the  aberration  of  the  a 
thus  effected  for  a  moment  by  design,  i 

disease  or  habit,  so  that  the  power  of  d ^ _, 

the  same  point  is  permanenlly  lost :  when  this  is  the  case',  tSi  1 

person  i-i  said  to snitint,  and  the  squint-eyed  always  see  obiecsi 

20.— Vol.  1.  ..  A  '  J  ■>         1 


^  o  .    '  often  produced  bT'i 

>  that  the  power  of  directing  both  eyes  tAf| 
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double,  unless  they  have  acquired  the  habit  of  entirely  dis- 
using the  eye  of  whose  motion  they  have  lost  the  natural  and 
Eerfect  command.  No  method  of  curine  this  defect*  when  it 
as  not  been  absolutely  irremediable,  has  heen  more  successful 
than  that  of  bindine  up  for  a  time  the  sound  eye,  by  which 
means  the  other  is  ooliged  to  perform,  its  office. 

The  nearer  any  object  is,  when  viewed  with  two  eyes,  the 
greater  the  inclination  of  the  axes  of  the  eyes  to  each  other* 
and  the  converse  necessarily  follows,  when  we  take  a  distant 
view.  It  is  by  this  adjustment  that  we  are  materially  assisted 
in  judging  of  the  distances  of  objects  not  very  remote,  and  that 
we  know  whether  a  person  is  looking  at  us  or  not/ 

We  acquire  also  the  habit  of  almost  involuntarily  taking  into 
consideration  a  variety  of  other  circumstances,  in  judging  of 
distances.  When  objects  appear  obscure  or  confused,  we 
judge  them  to  be  remote  ;  and  when  they  appear  distinct,  we 
form  a  contrary  opinion:  of  these  principles  painters  sedulously 
study  to  avail  themselves.  Rooms,  the  walls  of  which  are 
whitened,  appear  smaller  than  when  of  a  dark  colour ;  fields 
covered  with  snow,  or  white  flowers,  appear  less  than  when 
clothed  with  grass ;  mountains  covered  with  snow  appear  nearer 
than  at  other  times ;  and  in  the  evenmg,  when  it  is  nearly  dark* 
an  upright  post  half  white  and  half  black,  may  be  taken  for  a 
body  of  considerable  size  in  horizontal  extension. 

An  Englishman,  when  he  first  views  an  Italian  landscape^ 
makes  the  most  egregious  mistakes,  in  estimating  the  distances 
of  places  and  objects  by  the  eye.  He  has  no  conception  of 
the  clearness  of  the  air,  in  that  delightful  climate,  by  which  he 
is  enabled  to  perceive  objects  at  the  distance  of  twenty  miles, 
with  so  much  distinctness,  that  he  supposes  himself  to  be 
within  half  an  hour*s  walk  of  them.  Italian  painters,  true  to 
the  characteristics  of  their  country,  have  made  their  most  dis- 
tant mountains  well  defined  at  their  summits,  and  all  other 
objects  proportionately  distinct;  and  we  are  apt  to  think  they 
have  deviated  from  nature,  because  the  scenery  of  our  own 
country  is  never  clothed  with  such  fascinating  splendour. 

The  eye  can  only  see  a  very  small  part  of  an  object  distinctly 
at  once;  for  the  lateral  parts  of  an  object  are  not  represented 
distinctly  in  the  eye ;  and  therefore  the  eye  is  obliged  to  turn 
itself  successively  to  the  several  parts  of  the  object  it  wants  to 
view,  that  they  may  fall  on  or  near  the  axis  of  the  eye,  where 
alone  distinct  vision  is  performed. 

When  the  eye  is  placed  above  a  horizontal  plane,  the  diffe- 
rent parts  of  this  plane  will  appear  elevated  in  proportion  to 
their  distance,  till  at  length  they  will  appear  on  a  level  with  it. 
For  in  proportion  as  the  different  parts  are  more  distant,  the 


.»y3  which  proceed  from  them,  form  angles  with  the  optical 
ftaxis,  IK,  fig.  4,  pi.  IV,  more  and  more  acute,  and  at  length 
1  become  almost  parallel.  This  is  the  reason  why,  if  we  stand 
I  on  ihe  sea-shore,  those  parts  of  the  ocean  which  are  at  a  great 
rdistance  appear  elevated ;  for  the  globular  form  of  the  earth  is 
Vnot  perceptible  to  the  eye;  and  if  it  W83,  the  apparent  eleva- 
Ptlun  of  the  sea  is  far  greater  than  the  arch  which  a  segment  of 
f  the  s:iobe  would  form,  within  any  distance  that  our  eyes  are 

rapable  of  reaching. 

'  The  best  eye  can  hardlydistioguishanyobject  that  subtends 
I  at  the  eye  an  angle  less  than  half  a  minute  of  a  degree ;  and 
\  Viery  few  can  distinguish  it  when  it  subtends  a  minute.  If  the 
ftidiGtaiice  of  two  stars  be  not  greater  than  this,  they  will  appear 

ghraenseedistinctlyatdifferent  distances,  by  the  altera- 
l-tloiis  of  the  position  and  figure  of  the  crystalline  lens,  yet  they 
Pkcan  only  see  distinctly  beyond  a  certain  extent.  This  extent 
not  the  same  in  difi'erent  people,  but  in  general  it  is  between 
M^x  and  ten  inches.  A  good  eye  can  see  distinctly  when  the 
l-l4ys  fall  parallel  upon  it;  and  then  the  principal  focus  h  at  the 
■  Attorn  of  the  eye. 

f     The  followingisasummary  of  thelawsof  rision,  with  regard 

^tblhe  figure  of  visible  objects:     1.  If  the  centre  of  the  eye  be 

:actly  m  the  direction  of  a  right  line,  the  line  will  appear  only 

I  a  point.     2.  If  the  eye  be  placed  in  the  direction  of  a  eur- 

R'Ace,  it  will  appear  only  as  a  line,     3.  If  a  body  be  opposed 

jirectly  towards  the  eye,  so  that  only  one  plane  of  the  surface 

Bui  radiate  on  it,  the  body  will  appear  as  a  surface.     4.  A 

remote  arch,  viewed  by  an  eye  in  tlie  same  plane  with  it,  will 

Mppear  as  a  right  line.     5.  A  sphere,  viewed  at  a  distance, 

■appears  a  circle.     6.   Angular  figures,  at  a  distance,  appear 

Tibund.     7.  If  the  eye  look  obliquely  on  the  centre  of  a  regular 

,  or  a  circle,  the  true  figure  will  not  be  seen,  but  tlie 

rcle  will  appear  an  ellipse,  Sec. 
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Of  OfTICXL  iNSTRtMENTS  ANft  MacBINES^ 

0/  Speeitieles. 

Bjr  the  obserratidns  ilhratrattng  fig.  4,  pL  IV^  we  bope  it  is 
dearly  understood,  that  the  nesrer  any  object  can  be  brought 
to  tlie  eye,  the  larger  .will  be  the  angle  under  which  it  appears, 
and  the  more  it  will  be  magnified.  But  obiects,  we  find  by 
experience,  may  be  brought  so  near  the  eye,  that  the  advantage 
of  their  formii^  a  lov^e  Tisnal  angle,  is  mofe  than  counter- 
balanced by  the  indistmdtness  that  ensties.  The  ^nerality  of 
people  see  small  objects  best,  at  the  distance  of  eight  inches  ; 
when  such  objects  are  brought  nearer  than  eight  inches,  they 
become  indistinct,  and  if  to  four,  or  three,  they  will  scarcely 
be  seen  at  M.  The  reason  of  this  indistinctness  is,  that  the 
pencils  of  lays  from  objects  brought  within  the  limits  where 
distinct  yision  commences  to  the  intked  eye,  are  in  so  dirergent 
a  state,  that  they  are  not  converged  to  points  el^actly  upon  the 
retina.  But  we  have  already  seen,  that  a  convex  glass  wiU 
lessen  the  divergence  of  the  most  divergent  rays  passing  through 
it,  ancl  that  if  its  curvature  be  sufficient,  it  will  refract  them 
parallel  or  even  convergent.  If,  then,  an  object  be  viewed  at 
the  distance  of  two  or  three  inches,  with  a  glass  of  suitable 
convexity  interposed^  it  immediately  becomes  distinctly  visible 
at  that  distance,  witli  tb^  advantage  of  appearing  larger  and 
more  enlightened  than  it  would  under  any  cti^umstances  ap* 
pear  to  the  naked  eye.  By  an  obvious  paahy  of  reasoning  it  is 
evident,  that  if  an  object  can  be  rendered  distinctly  visiliue  by 
a  convex  glass,  at  a  less  distance  than  that  at  which  common 
vision  is  effected,  a  person  who  does  not  see  objects  but  at  an 
unusual  and  inconvenient  distance,  maybe  made  to  see  them  at 
the  common  and  most  eligible  distance.  Hence  the  use  of 
convex  glasses,  which  are  an  invaluable  remedy  for  the  visual 
defect  of  the  long-sighted.  Concave  glasses,  on  the  contrary, 
which  are  directly  opposite  in  their  effects  to  the  convex;  prove 
a  remedy  of  equal  value  to  the  short-sighted,  or  those  who 
cannot  see  distant  objects  distinctly,  and  are  obliged  to  bring 
near  objects  almost  close  to  their  eyes. 

By  fig.  3,  pi.  IV,  is  represented  an  eye  in  its  perfect  state, 
the  image  of  the  object  oeing  exactly  upon  the  retina,  or  as 
nearly  so  as  could  be  shewn  by  an  engraving ;  for  we  need 
not  inform  the  most  ignorant  reader,  that  of  the  picture  formed 
by  light,  no  part  projects,  in  the  manner  shewn  by  the  plate. 
Pig.  1,  pi.  V,  is  the  eye  of  a  long-sighted  person,  where,  from 
the  flatness  of  the  crystalline  humour,  and  of  the  cornea,  the 


i  of  the  pencils  of  jays  from  objects  are  not  at  d,  where  they 
Bif)uglkt  to  be,  in  order  to  reiMler  vieion  distioct,  but  tend  to  a 
l,f  ouit  at  F  beyond  the  eye.  Hence  the  rays  which  Sow  from  the 
Vpbject  C,  ana  pass  through  the  humours  of  the  eye,  instead  oi 

hlbrming  ao  image  of  a  poiat,  from  ahirgeepeck  of  light,  and  when 

L[lhe  rays  from  all  part^of  an  object  do  the  same,  the  whole  ima^e 
l7w  confused.  But  if  a  conrex  glaes,  AB,  of  a  proper  focus,  be 
V  (interpused,  the  rays  convei^e  aoouer,  they  meet  in  a  point  at  d, 

l,fQn  the  retina,  and  distinct  vision  Ib  obtained. 

I  111  tig.  2,  from  the  great  convexity  of  the  cornea  and  crystal- 
k  Jjne  humour,  the  rays  that  enter  from  the  object  C,  converge  to 

■  ja  focus  in  the  vitreous  humour,  as  at  F,  and  by  diverging  from 
irthence,  fall  aa  in  the  example  of  the  long- sigh  ted,  obtusely  on 
fike  retina,  and  vision  is  as  indistinct  as  if  the  eye  had  been  too 
ij|at.  Butbyplaciiig  a  concave  glass  AB,  before  the  eye, the  rays 
I  Are  spread  out  a  little,  or  fall  with  greater  divergency  upon  the 
leye  than  before,  and  they  do  not  unite  till  they  fall  on  the  r«- 
l^bna,  consequently  the  defect  disappears. 

b-  When  glasses  are  put  in  frames  for  spectacles,  their  frames 
\  ^ught  not  to  be  slratght,  but  beut  a  little  in  the  middle,  so  that 
^ifae  axes  of  botli  glasses  may  be  directed  to  one  point,  at  the 
kjlistance   most  proper  for  reading  or  examining  objects  in 

■  feneraL  By  this  means  the  axes  of  the  eyes  will  fall  per- 
Ijpendicularly  upon  the  glasses,  and  vision  will  be  more  dis- 
•  tinct. 

Spectacles  are  much  better  for  the  eyes  than  those  glasses 
■which  are  held  in  the  hand.  By  hand-glasses,  indeed,  more 
harm  than  benefit  may  eventually  result,  for  the  distance  at 
which  they  are  held  from  the  eye  is  perpetually  varied,  and  the 
eye  is  thus  perpetually  strained,  that  it  may  accommodate 
itself  to  such  cbaiiges. 

When  the  eyes  of  persons  first  begin  to  be  afTected  by  age, 
the  opticians  lurnish  them  with  spec tucles, the  glasses  of  which 
are  about  40  inches  focus,  which  are  therefore  called  Ho.  1,  or 
^las&es  of  the  first  sight.  When  the  focal  length  is  about  16 
inches,  the  lenses  are  called  ^o.  2.  About  12  inches  is  the 
focal  lengtli  of  No.  3.  Ten  inches  is  what  they  call  Ho.  4. 
Nine  inches  is  tliat  of  No.  &.  Eight  inches  is  the  focal  length 
of  No;  6.  Seven  inches  is  the  focal  length  of  No.  7.  Six 
inches  is  the  focal  length  of  No.  8,  and  sometimes  they  make 
spectacles  of  a  focus  shorter  still.  Concave  spectacles  are  dis- 
tinguished by  numbers  in  the  same  way.  But  there  is  a  consi- 
derable difference  in  the  focal  distances  of  glasses  made  by  dif- 
ferent opticians,  though  they  give  them  the  same  number.  In 
chusing  spectacles,  therefore,  actual  trial  alone  can  be  depended 
onj  and  when  an  actual  trial  is  made,  perhaps  the  best  direc- 
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lion  that  can  be  given  to  make  a  prdper  choice^  is  to  prefer 
those  spectacles  which,  when  near  the  eye,  shew  objects  nearest 
their  natural  state,  neither  enlarged  nor  diminished,  and  that 
give  a  blackness  and  distinctness  to  the  letters  of  a  book,  with- 
out straining  the  eye,  or  causing  any  extraordinary  exertion  of 
the  pupil.  lio  spectacles  can  be  relied  on  as  properly  accom- 
modated to  the  eves,  which  do  not  procure  them  ease  and  rest ; 
if  they  fatigue  tne  eyes,  we  may  safely  conclude,  either  that 
we  have  no  occasion  for  them,  or  that  they  are  ill-made,  or  not 
proportioned  to  our  sight. 

In  the  choice  of  glasses  for  the  short-sighted,  no  rules  can  be 
laid  down;  it  is  a  state  of  the  eye  which  has  no  connection  with 
age ;  no  stated  progression  that  can  be  a  guide  to  the  dptician, 
in  order  that  ne  may  recommend  one  class  in  preference 
to  another ;  but  the  snortniighted  themselves,  by  trying  dif- 
ferent glasses,  will  soon  discover  which  are  most  advan- 
tageous. 

We  shall  probably  not  be  charged  with  taking  up  too  irre- 
levant a  sub|ect,^  if  we  introduce  a  few  observations  on  the 
means  which  may  be  employed  to  render  spectacles  unne- 
cessary, or  at  least  to  lengthen  the  period  of  visual  enjoy- 
ment without  them.  The  long-sighted  should  accustom  them- 
selves to  read  and  examine  objects  at  a  less  distance  than 
is  entirely  agreeable  to  them  ;  while  the  short-sighted  should 
attentively  pursue  a  contrary  practice.  Nothing  is  more 
conducive  to  the  preservation  of  the  sight,  than  the  constant 
use,  both  in  reading  and  writing,  of  a  moderate  degree  of 
light.  If  in  the  apartment  we  commonly  use,  there  are  two 
windows,  it  is  bettei^  to  sit  at  an  equal  distance  from  both,  than 
to  let  the  principal  light  come  from  one^side  only.  In  all 
cases,  it  should  be  our  object  to  afford  each  eye  an  equal  quan- 
tity of  light. 

To  flaming  colours  and  white  objects,  the  eyes  should  not 
be  often  or  long  exposed.  The  "  poor,  untutored  Indian,** 
when  he  traverses  his  native  wilderness,  while  it  is  every-where 
covered  with  snow,  fixes  before  his  eyes  a  wooden  frame,  which 
only  permits  the  rays  of  light  to  pass  through  a  very  minute 
aperture.  His  view  is  thus  confined,  and  his  light  is  small, 
but  he  preserves  his  sight  from  certain  injury.  Long  or  frequent 
excursions  over  snow,  especially  when  the  sun  shines,  it  will 
easily  perhaps  be  admitted,  must  have  an  injurious  tendency  to 
the  eyes ;  but  it  may  be  asserted  in  return,  that  none  of  the 
circumstances  attending  common  life  in  this  country,  can 
occasion  an  effect  so  much  to  be  deprecated.  The  following 
relation  will  evince  the  fallacy  of  this  supposition.  A  student 
at  Cambridge,  wl^o  sat  daily  ror* several  hours  in  an  apartment, 
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the  walls  of  which  were  white-washed,  felt  himself  iu  a  short 
time  affected  with  dimness  of  sight.  A  fellow  student  had 
the  like  occasion  for  complaint.  Suspectinj^  the  strong 
light  reflected  from  the  walls  to  be  the  cause,  they  had  their 
apartments  coloured  green ;  and  their  eyes  then  gradually 
regained  their  former  strength, 

After  the  longinterval  from  exertion  occasioned  by  a  night's 
rest,  the  sudden  exposure  of  the  eyes  to  a  strong  light,  or  the 
intense  exertion  of  them,  has  an  unfavourable  eiieet.  Scarlet 
window  and  bed-curtains  are,  for  this  reason,  the  worst  that 
can  be  chosen.  The  cataract,  a  complaint  which  frequently 
follows  an  inflammation  of  the  eyes,  and  is  often  irremediable, 
may  be  occasioned  by  looking  very  frequently  at  a  fire,  or  any 
very  glaring  object. 

Green  is  of  all  colours  the  most  agreeable  to  the  eyes,  and 
scarlet  the  most  off'ensive,  or  endurable  for  the  shoitesi  space 
of  time.  White  is  the  next  to  scarlet.  Hats  and  other  cover- 
ings for  the  head,  the  undersides  of  which  are  white,  certainly 
tend  to  impair  the  sight. 

The  affusion  of  the  eves  in  clean,  soft,  cold  water,  contri- 
butes greatly  to  strengthen  them,  and  of  all  applications  is  the 
most  strongly  to  be  recommended.  But  with  respect  to  the 
most  proper  time  of  performing  it,  an  erroneous  opinion  is 
prevalent.  Morning  is  conunonly  thought  to  be  the  most 
proper  time.  The  middle  of  the  day  is  certainly  to  be  pre- 
ferred. Morning  is  an  ineligible  time,  because  the  eyes 
are  then  well  refreshed,  and  amply  replenished  with  the 
moisture  which  is  most  suitable  for  them ;  but  when  the 
efl'usion  is  postponed  till  mid-day,  it  becomes  seasonable  and 
beneflcial. 

Of  Burning  Lenses  and  Mirrors. 

A  burning  lens  must  be  convex,  a  burning  mirror  must  be 
concave  ;  because  both  produce  their  eff'ect  by  concentrating, 
into  a  very  small  compass,  the  rays  of  light  and  heat,  incident 
upon  a  large  surface. 

As  the  rays  which  pass  through  a  convex  lens,  or  are 
reflected  from  a  concave  mirror,  are  united  at  its  focus,  their 
efi'ect  is  so  much  the  greater,  as  the  surface  of  the  lens  or 
mirror  exceeds  that  of  the  focus.  Thus,  if  a  lens  four  inches 
broad  collect  the  sun's  rays  into  a  focus  at  the  distance  of  on« 
foot,  the  image  will  not  be  more  than  one-tenth  of  an  inch 
broad.  The  surface  of  this  little  circle  is  1600  times  less  than 
the  surface  of  the  lens,  and  consequently  the  density  of  the 
son's  rays  within  it  is  proportionately  increased.     It  is  not 
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therefore  surprisisg^  that  kurge  lenses  and  mirrors  burn  witii 
irresistible  intensity. 

The  most  remarkable  burning  lens  which  has  ever  been 
constructed^  was  made  by  Parker,  of  Fleet-street,  London, 
at  an  expense  of  upwards  of  JC700.  It  was  undertaken  with 
a  view  to  fuse  and  vitrify  such  substances  as  resist  the  fires  of 
ordinary  furnaces,  and  more  especially  of  applying  heat  in 
vacuo,  and  in  other  circumstances  in  which  it  caanot  be 
applied  by  any  other  means.  After  directing  his  attention  to 
this  object  for  several  years,  and  performing  a  great  variety 
of  experiments  in  the  prosecution  of  it,  he  at  last  suc- 
ceeded. His  lens  was  of  flint-glass,  three  feet  in  diameter, 
and  \vhen  fixed  in  its  frame,  exposed  a  surface  of  two  feet 
eight  inches  and  a  half  in  diameter,  without  any  other  ma- 
terial imperfection  besides  a  disfigurement  of  one  of  the 
edges,  occasioned  by  a  piece  of  scoria,  which  had  found  its 
way  into  its  substance.  Its  weight  was  212  pounds  ;  its  focal 
length  six  feet  eight  inches ;  and  the  diameter  of  the  ibcus, 
one  inch.  To  concentrate  the  rays  still  further,  a  second 
lens  was  used,  and  reduced  the  diameter  of  the  focus  to 
half  an  inch.  Some  of  the  principal  effects  of  this  lens  are  ths 
following : 

1.  Every  kind  of  wood  took  fire  in  an  instant,  whether  hard 
cr  green,  or  soaked  in  water. 

2.  Thin  iron  plates  grew  hot  in  a  moment,  and  then  melted. 

3.  Tiles,  slates,  and  all  kinds  of  earth,  were  almost  instantly 
converted  into  glass. 

4.  Sulphur,  pitch,  and  all  resinous  bodies,  melted  under 
water. 

5.  Fir-wood,  exposed  to  the  focus  under  water,  did  not 
seem  changed,  but  when  broken,  the  inside  was  burnt  to  a  coal. 

6.  If  a  cavity  were  made  in  a  piece  of  charcoal,  and  the 
substances  to  be  acted  upon  were  put  in  it,  the  effect  of  the 
lens  was  much  increased. 

7.  Any  metal  whatever,  thus  inclosed  in  the  charcoal,  melted 
in  a  moment,  the  fire  sparkling  like  that  of  a  forge. 

8.  The  ashes  of  wood,  paper,  linen,  and  all  vegetable  sub- 
stances, were  instantly  turned  into  a  transparent  glass. 

9.  The  substances  most  difficult  to  be  wrought  upon,  were 
those  of  a  white  colour. 

10.  All  metals  vitrified  on  a  China  plate,  when  it  was  so 
thick  as  not  to  melt,  and  the  heat  was  gradually  commum- 
cated. 

11.  When  copper  was  thus  melted,  and  thrown  quickly 
into  cold  water,  it  produced  so  violent  a  shock  as  to  break  tD9 
strongest  earthen  vessels,  and  the  copper  was  entirely  dissipate^ 
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Though  the  heat  of  the  focus  was  so  iuteose  as  to  melt  gold 
few  seconds;  yet  there  was  so  little  heat  nt  a  short  (lis* 
tance  from  the  focus,  that  the  finger  might  be  placed  about  an 
inch  from  It  without  injury.  The  proprietor  had  the  curiosity 
to  try  nhat  the  sensation  was  at  the  locus,  and  having  put  his 
finger  there  for  that  purpose,  he  described  the  sensation,  not 
as  resembling  that  produced  by  a  Are  or  lighted  candle,  but 
like  that  of  a  sharp  cut  with  a  lanoet. 

If  a  piece  of  wood  be  placed  in  a  decanter  of  water,  and  the 
focus  of  a  large  burning  glass  be  thrown  upon  it,  the  wood  will 
be  completely  charred, though  the  sides  ofthc  decanterth rough 
which  the  rays  pass  will  not  be  cracked,  nor  any  way  affected, 
nor  the  water  perceptibly  warmed.  If  the  wood  be  taken  out, 
and  the  rays  be  thrown  on  the  water,  neither  the  ressel  or  it« 
contents  will  be  in  the  least  affected  ;  but  if  a  piece  of  metal 
be  put  into  the  water,  it  soon  becomes  too  hot  to  be  touched, 
and  the  water  wilt  presently  boil.  Though  pure  water  alone, 
contained  in  a  transparent  vessel,  cannot  be  beated,  yet  if  by 
a  little  ink  it  be  maue  of  a  dark  colour,  or  the  vessel  itself  be 
blackened,  the  effect  speedily  takes  place. 

As  all  transparent  substances,  denser  than  air,  when  they 
are  spherically  convex,  or  approaching  to  lliat  form,  will  con- 
verge the  rays  of  light,  they  may,  under  particular  circum- 
stances,  produce  effects  which  few  would  suspect.  A  very  glo- 
bular decanter  full  of  water,  standing  in  an  apartment  where  it 
is  exposed  to  the  fervid  action  of  a  summer's  noontide  sun, 
will  converge  the  incident  light  with  sufficient  regularity  and 
intensity  to  inflame  any  very  combustible  body  that  may  hap- 
pen to  be  at  the  proper  distance.  We  have  the  reooilection  of 
a  serious  fire  having  arisen  from  such  a  cause. 

Upon  ihe  same  principle,  we  may  explain  another  appearance 
sometimes  observable.  If  in  summer,  after  much  dry  weather, 
a  shower  of  rnin  falls,  and  the  sun  quickly  after  shines  with  full 
splendour,  an  accurate  observer  will  detect  a  very  curious  phe- 
nomenon. Many  ofthe  leaves  and  flowers  of  plants  which  were 
entire  before  the  shower,  are  found  to  be  perforated  with  small 
holes.  It  might  be  supposed  that  the  caterpillar  has  renewed 
his  depredations  with  new  vigour,  but  it  is  found  upon  closer 
examination,  that  the  leaves  he  never  touches  are  no  more  ex- 
empt from  these  perforations  than  others.  Perhaps  the  follow- 
ing considemtions  will  point  out  to  us  the  truth.  If  water  be 
thrown  upon  a  dusty  floor,  it  is  well  known,  that  it  collects  itself 
into  small  drops  or  globules.  If  then  heavy  drops  of  rain  be 
thus  collected  on  the  dusty  leaves,  they  will  in  effect  be  little 
burning-lenses,  and  when  steadily  exposed  to  the  direct  rays  of 
•  hot  sun,  they  may  produce  the  perforations  in  queatton. 
20.— Vol..  I.  3  0 
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Burning  mirrors  were  made  in  very  remote  times;  the  most 
famous  were  those  of  Archimedes  and  Proclus;  by  the  former 
of  which  the  Roman  ships,  besieging  Syracuse,  according  to 
the  testimony  of  several  writers,  and  by  the  latter,  the  nary  of 
Vitalian,  besieging  Byzantium,  were  reduced  to  ashes.  Among 
the  modems,  the  burning  mirror  contrived  by  Bufibn  ii  the 
most  remarkable.  It  is  a  polyhedron,  six  feet  broad,  and  as 
many  high,  consisting  of  160  small  mirrors,  or  flat  pieces  of 
looking-glass,  each  six  inches  square;  by  means  of  this  com- 
pound mirror,  with  the  faint  rays  of  the  sun  in  the  month  of 
March,  he  set  on  6re  boards  of  beeoh-wood  at  the  distance  of 
150  feet.  It  may  be  used  to  burn  downwards^  or  horizontally^ 
at  pleasure ;  for  each  of  the  pieces  that  compose  it  is  move- 
able by  three  screws,  so  that  it  may  be  set  to  a  proper  incli- 
nation for  directing  the  rays  towards  any  given  point;  and  it 
turns  either  in  its  greater  focus,  or  in  any  nearer  interval. 
Bufibn,  at  another  time,  burnt  wood  at  the  distance  of  above 
200  feet,  and  melted  silver  at  50. 

A  metallic  mirror,  of  the  same  size  as  one  of  glass,  is  much 
superior  to  the  latter  in  its  power  of  burning:  and  those  metals 
answer  perfectly  well  whicn  reflect  images  but  indifferently ; 
a  piece  of  tin-plate  hammered  into  the  form  of  a  parabola,  and 
well  polished,  makes  an  excellent  burning  mirror. 

Of  the  Camera  Obscura, 

If  a  hole  be  made  in  a  window-shutter  or  side  of  a  darkened 
room,  the  inverted  images  of  all  external  objects,  from  which 
rays  of  light  can  enter  at  the  hole,  may  be  observed  upon  the 
opposite  wall  of  the  room.  This  is  the  camera  obscura  in  its 
most  imperfect  state.  Whether  the  hole  be  small  or  large,  the 
rays  are  so  much  scattered,  and  partly  too  inflected  by  the 
sides  of  the  aperture,  that  the  picture  is  indistinct,  and  little 
interesting.  But  if  a  convex  glass  be  applied  to  the  hole,  the 
pencils  oi  divergent  rays  proceeding  from  the  illuminated 
objects  iVithout,  are  converged  to  their  proper  foci,  and  if  a 
screen  be  placed  there  to  receive  them,  a  picture  is  fopmed  by 
them,  incomparably  superior  to  the  happiest  efforts  of  the 
painter's  skills  A  large  lens,  with  a  considerable  focal  distance, 
forms  the  best  image,  which  is  also  the  most  beautiful,  when 
the  external  objects  are  all  nearly  at  the  same  distance.  When 
they  are  very  unequally  distant,  some  confusion  arises,  because 
the  foci  of  the  pencils  of  rays  proceeding  from  them  require  the 
glass  to  be  at  different  distances  from  the  screen,  and  no  ar 
rangem^nt  can  be  made  to  admit  of  this  adjustment.  The  eye 
is  a  natural  camera  obscura,  and  we  find  that  we  cannot  see  a 
near  and  a  distant  object  distinctly  at  the  same  moment;  if  wiv 
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look  at  the  near  one,  the  crystalline  lens  adjusts  itself  so  that 
the  rays  from  it  are  duly  converged  upon  the  retina;  if  we  look 
at  the  further,  another  adjustment  ensues,  or  the  rays,  from 
their  less  divergence,  would  not  form  a  distinct  picture  on  the 
retina.  Hence,  as  we  cannot  hope  to  exceed  the  works  of 
nature,  we  must  be  satisfied  with  altering  the  position  of  the 
glass  or  the  screen,  to  suit  the  objects  we  most  wish  to  have 
clear  and  well  defined. 

It  is  necessary,  in  this  experiment  of  the  camera  obscurai 
that  the  window  should  not  be  onposite  the  sun,  otherwise  we  , 
shail  have  no  image  but  that  of  nis  brightness ;  and  yet  it  it 
necessary  also,  that  the  sun  should  illuminate  strongly  the 
objects  which  are  to  he  depicted  within,  or  the  rays  will  b« 
sent  so  feebly  from  every  part,  that  the  picture  will  not  be 
brillinnt.  The  inverted  position  of  the  iraa^e  shewn  by  ihia 
camera  obscura.  is  rather  an  imperfection ;  but  if  you  take  a 
looking-glass,  and  hold  it'before  you,  with  the  face  towarda 
the  picture,  and  inclining  downwards,  the  image  will  be  seeH 
erect  in  the  glass,  and  appear  with  greater  brilliancy  than  upon 
the  screen.  The  colouring  of  the  picture  is  exquisitely  soft 
and  delicate,  every  part  is  in  due  proportion,  the  light  and 
shade  are  distributed  with  the  most  accurate  propriety,  and 
the  motions  of  all  objects  perfectly  expressed.  Thus,  in  faith- 
ful miniature, 

"  Kill*,  dilet,  and  woodi  apptir,  , 

Flocki  ptte  the  field),  buii  wigg  UiE  tiUnl  lir. 

In  darkened  rooma,  *lcre  li^lit  «n  oulir  piii 

Thcangb  Uisimill  luific*  of  a  etniRli  glui:  ' 

Ob  Iho  nbile  ilnel  Iba  moiiDg  fignrci  rue.  I 

Tfaa  total  waTii,  doudi  Uoat  iloug  tbc  tkief."  , 

The  camera  obscura  is  frequently  made  of  a  portable  size,* 
and  sometimes  so  small  that  it  may  be'carried  in  the  pocket. 
The  construction  of  them  is  sometimes  a  little  varied,  but  the^' 
are  all  essentially  the  same  in  principle.     The  section  of  ihe^ 
one  we  shall  describe,  is  shewn  by  fig.  S.  pi.  V.     It  consists' 
of  a  rectangular  box,  ABCD,  in  the  front  oi  wnich  slides  a*  I 
tube  F.    At  the  extremity  of  this  tube  is  a  double  convex  lens, 
EH.     A  plane  mivror,  ST,  is  contained  within  the  box,  and' 
set  at  an  angle  of  45  degrees.     The  pencils  of  rays  flowing'  ■ 
from  external  objects  through  the  convex  glass,  are  reflected'  . 
upwards  by  ibis  mirror,  and  meet  in  points  on  IK,  which  i^  j 
either  a  piece  of  oiled  paper,  or  what  is  still  better,  a  piece  ol^  . 
glass,  of  which  the  polish  has  been  removed  from  one  side,  by 
rubbing  it  with  sandstone  and  water.    To  an  eye  looking  froiS' 
the  top  downward  upon  the  glass  IK,  a  distinct  picture  of  ex- 
ternal objects  in  their  proper  colours  will  ^e  perceived,  and 
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with  a  biadc-Iead  pencil  tkeif  ouUineB  may  be  traced  upoo  the 
semi-transparent  glass,  the  rough  side  of  which  shovdd  aiwaFt 
ibe  uppermost.  The  view  will  be  inverted  with  respect  to  right 
and  left,  but  when  the  outline  hzs  been  finished,  if  the  glass  be 
taken  and  turned  down  upon  a  piece  of  dam^  paper,  and  snbo 
jected  to  a  gentle  pressure  for  a  short  time,  the  pencil-m&rkj 
on  the  glass  will  be  transferred  to  the  paper,  and  the  right  and 
left  side  of  the  drawing  will  correspond  to  those  of  the  objects 
they  are  meant  to  represent*  The  picture  formed  upon  the 
glass  IK,  should  be  freed  as  much  as  possible  from  all  extra* 
u^ous  light :  it  should  therefore  have  a  thin  board  in  the  posi- 
tion BY,  and  from  Y  should  be  suspended  a  curtain  of  black 
silk,  which  should  extend  over  the^nds.  The  inner  surface 
of  (he  board  YB,  and  all  the  internal  parts  of  the  instrument, 
should  likewise  be  blackened. 

The  tube  in  which  the  convex  glass  EH  is  fixed,  slides  in 
the  forepart  of  the  box,  in  order  trat  the  distance  of  the  glasa 
may  be  adjusted  to  the  di^ance  of  outward  objects,  and  the 
proper  distance  is  soon  di'scovered,  because  the  picture  is  then' 
the  most  distinct.  This  portable  cam^era  obscura  may  be  made 
in  the  form  off  a  book,  which  will  contain  within  itself  every 
part  of  the  instrument  except  the  tube. 

The  mirror  of  a  camera  ooscura  is  commonly  made  of  glass, 
which  contributes  not  a  little  to  render  the  instrument  imper- 
fect, for  the  first  surface  of  the  glass  reflects  a  part  of  the  in- 
cident light,  and  forms  an  image  which  the  reflection  from 
the  silvered  side  does  not  wholly  efface,  because  the  rays  from 
the  two  surfaces  do  not  coincide ;  and  though  the  whole  pic- 
ture appears  exquisitely  beautiful  to  the  eye,  at  a  little  dis- 
tance, yet  it  is  found,  upon  trial,  that  the  double  reflection  de- 
feats the  attempt  to  make  a  correct  copy.  The  occasional 
use  of  the  instrument Vill,  however,  furnish  the  young  stu- 
dent of  perspective  with  many  useful  hints.  A  metallic  mir- 
ror, of  a  composition  similar  to  that  employed  for  telescopes, 
is  a  remedy  for  the  defect  in  question,  but  adds  exorbitantly 
to  the  expense. 

Dr.  WoUaston  endeavours  to  prove  that  the  image  formed 
by  the  camera  obscura  is  much  innproved  by  the  use  of  a  con- 
vexo-concave lens,  instead  of  the  doiA)le  convex  one  usually 
employed.  The  tendency  of  the  improvement  is  to  make  the 
side«  of  the  picture  as  distinct  as  the  central  part  of  it.  Por 
the  Doctor's  paper,  see  the  Philos.  Trans,  for  1812^  part  11; 
it  contains  the  necessary  data  fctr  deriving  the  greatest  advan- 
tage from  his  discoverv. 


-^ 


^ 


'V 


4€9i 


The  Sf^gk  Lantern  and  Phantasmagoria. 

The  magic  lantern  is  a  machine  employed  to  Uirow  a  mas^' 
nified  image  of  paintings  upon  glass  or  any  transparent  suB-. 
stante,  on  a  while  screen  in  a  darkened  chamber,  tt  has  gene-j 
rally  baen  devoted  to  the  amusement  of  children,  paintings  of 
a  ludicrous  description  being  its  usual  accompaniments;  but 
it  may  be  employed  with  propriety  to  illustrate  the  principles! 
of  the  sciences,  ay  a  selection  of  suitable  diagrams. 

A  section  of  tills  machine  is  shewn  by  fig.  4,  p!.  V,  where 
ABCD  ia  a  tin  lanterw,  from  the  side  of  which  proceeds  b> 
square  tube,  bnkl me,  consisting  of  two  parts;  the  outermost 
of  which  tiki  tn,  slides  over  the  other,  so  that  the  whole  tubs 
may  readily  be  lengthened  or  shortened.  In  the  end  of  tha 
arm,  h  k  I  m,  is  fixed  a  convex  glass  k  I;  about  d  e  there  is  a 
contrivance  for  admitting  and  placing  an  object  d  e,  painted  ia 
transparent  colours,  on  a  plane  thin  piece  of  glass.  A  single 
or  double  convex  glass,  o  h  c,  is  employed  to  cast  the  light> 
from  the  ftame  of  the  candle,  a,  strongly  on  the  picture  a  e, 
painted  on  the  plane  thin  glass.  From  the  shortness  of  its; 
fpcus,  and  conse<|uentIy  great  convexity,  it  is  usually  called  ■ 
the  htilCs  ei/e.  If  the  object  rf  e,  be  placed  further  from  thai 
glass  k  I  than  its  fociia,  a  distinct  image  of  the  object  will  be' 
projected  by  the  glass  k  I.  upon  the  opposite  white  wall  oc 
screen  FH,  ^ifg,  and  it  will  be  in  an  erect  posture,  provided, 
care  be  taken  to  slide  the  transparent  painting  invertediy  intoi 
its  receptacle.  If  the  tnbc  b  n  k  t  m  e,  be  contracted,  and" 
thereby  the  glass,  k  I.  brought  nearer  the  object,  d  e,  the  re-i 
presentation, y'g,  will  be  projected  so  much  the  larger,  and  so- 
much  the  more  distant  from  the  glass  k  I:  the  image  may  also' 
be  enlarged  by  drawing  back  the  lantern  to  a  greater  distance 
from  the  screep ;  but  as  the  image  ia  enlarged,  the  same  quun-i 
tity  of  light  is  spread  over  a  greater  surface,  and  consequently: 
diminishes  in  distinctness. 

The  apartment  in  which  the  exhibition  is  made,  should  be 
completely  darkened,  and  no  light  should  escape  from  the  lan- 
tern except  what  passes  through  the  glass  li  h  c.  To  increas*" 
the  tight,  a  concave  reflector,  ST,  is  frequently  used,  of  sucba 
curvature,  that  the  candle  is  in  its  focus,  so  that  the  rays  prw 
ceeding'from  it  fall  parallel  upon  the  glass  b  h  c.  The  glasa 
upon  which  the  pictures  are  made,  is  generally  of  suflScient 
length  to  contain  several  sets  of  figures;  so  that  when  the 
spectators  are  satisfied  with  the  first  set,  by  sliding  tJie  same 
glass  a  little  further  on.  another  figure  is  exhibited. 

The  exhibition  called  the  Phantasmagoria,  which  has  been 
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80  much  admired,  is  performed  by  means  of  a  magic  lantern^ 
generally  one  of  extraordinary  dimensions,  but  in  other  respects 
not  much  varied  in  its  construction.  In  the  common  lantern, 
the  figures  are  painted  on  the  glass,  and  all  the  rest  of  the 
glass  is  left  transparent,  consequently  the  image  on  the  screea 
is  a  circle  of  light  with  the  figures  in  the  midst  of  it ;  but  in 
the  Phantasmagoria,  the  whole  of  the  glass  is  made  0{iaque« 
except  the  space  taken  up  by  the  figures  painted  with  the 
transparent  colours,  hence  this  difference  in  the  effect  is  pro-' 
duced,  that  no  light  falls  upon  the  screen  but  what  passes 
through  the  figures  themselves,  consequently  there  is  no  circle 
of  light,  or  any  thin^  but  the  figures  upon  the  screen.  To 
complete  the  deception  which  this  change  may  be  made  to 
produce,  the  following,  or  some  equivalent  arrangement,  must 
oe  resorted  to.  Let  the  door  of  a  darkened  room,  in  which 
the  exhibition  is  to  be  seen,  be  set  wide  open,  and  let  its  place 
be  supplied  with  a  screen  of  thin  silk,  or  fine  linen,  or  of  paper 
rendered  transparent.  From  the  outside  of  the  room,  let  the 
pictures,  painted  as  above  described,  be  thrown  upon  the 
screen,  of  a  very  minute  size.  They  will  immediately  be  seen 
within  the  room,  and  though  remarlcably  brilliant,  they  will  be 
supposed  to  be  distant  by  the  spectators,  because  they  see. 
nothing  but  the  light  which  pomes  from  them.  Let  the  lan- 
tern be  drawn  back  to  a  greater  distance  from  the  screen,  and 
as  the  images  are  gradually  enlarged,  the  spectators  will  sup- 
pose them  to  be  actually  approaching  towards  them,  and  pen- 
dent in  the  air.  The  chiet  defect  in  this  exhibition,  is,  that 
the  images  decrease  in  distinctness  as  they  increase  in  size; 
but  this  might  be  remedied,  if  a  contrivance  were  added  to  the 
machine,  so  that  the  mirror  should  be  wholly  covered,  and  the 
bull's  eye  covered  in  part,  at  the  commencement,  and  gradu- 
ally uncovered,  as  more  light  was  required  to  keep  tne  en- 
larged figure  as  bright  or  somewhat  brighter,  than  when  it 
was  small. 

Of  Microscopes. 

The  microscope  is  an  instrument  formagnifyin^small  objects. 
This  effect  is  produced  by  means  of  convex  lenses.  When  only 
one  convex  glass  or  lens  is  used,  the  instrument  is  called  a 
shi^le  microscope:  but  if  two  or  more  are  employed  coniointly, 
it  is  called  a  double  or  compound  microscope*  \ 

The  Single  Microscope. 

The  anparent  magnitude  of  objects  is  measured  by  the  angle 
under  which  they  are  seen  by  the  eye ;  and  those  angles  are 
•eciprocally  as  the  distances  from  the  eye.     If  eight  inches  be 


tbe  nearest  limit  of  distinct  vision  to  the  naked  eye.  and  by  in- 
tfTposing  alens  or  other  body,  me  can  see  witli  equal  dislinct- 
ness  at  a  nearer  distance,  the  object  will  appear  to  be  as  much 
U^er  through  the  lens  than  to  the  naked  eye,  as  its  distance 
from  the  eye  is  less  than  the  distance  of  unassisted  vision.  If 
the  focal  distance  of  a  convex  lens  be  one  quarter  of  an  inch, 
then  will  that  be  but  one  thirty-second  part  of  the  common 
limit  of  vision  or  eight  inches,  so  that  the  lineal  dimensions  of 
au  object  examined  with  it  will  be  magnified  32  times ;  the  snt' 
face  1024  times;  and  the  solidity  1,048,576  times;  for  lhes«' 
two  last  numbers  are  the  square  and  cube  of  32.  For  a  lenaf  ( 
or  spherule  of  any  other  focus,  the  magnifying  power  is  easily 
found  by  the  same  rule. 

The  simplest  microscope  which  can  be  employed  to  any  use-'- 
ful  purpose,  is  perhaps  that  which  is  made  with  a  drop  of  water.' 
suspended  in  a  very  small  hole  in  a  thin  slip  of  brass,  or  any*  , 
similar  material.     This  may  easily  be  constructed  where  no' 
other  microscope  can  be  obtained,  and  its  performance  wi|^   , 
afTord  not  a  little  pleasure.     A  spherule  of  water,  it  must  b'e 
observed,  of  the  same  size  as  one  of  glass,  will  not  magnify  so   . 
much  as  the  latter,  because,  as  its  density  is  not  so  great,  it'  i 
has  a  longer  focus.     A  small  drop  of  water  placed  on  the  end'  J 
of  a  slender  piece  of  brass  wire,  and  held  to  the  eye  by  candle"'  j 
light  or  moonlight,  will,  without  any  other  apparatus,  mn^nify'  | 
in  a  very  surprising  manner  the  animalcula  contained   iii   it 
The  reason  is.  that  the  rays  coming  from  the  interior  sitifaci 
of  the  first  hemisphere,  are  reflected  so  as  to  fall   under  the* 
same  angle  on  the  surface  of  the  hind  hemisphere,  to  which  the 
eye  is  applied,  as  if  they  came  from  the  focus  of  the  spherule  ; 
whence  they  are  propagated  to  the  eye  in  the  same  maniiei' 
as   if  the  objects   were  placed   without  the  spherule  in  its 
focus. 

These  water  microscopes  have  given  rise  to  the  use  of  other ' 
fluids,  with  several  varieties  of  construction.  Brewster  de- 
scribes one  in  the  Appendix  to  his  edition  of  Ferguson's  Lec- 
tures. Instead  of  water,  he  makes  use  of  very  pure  and  viscid 
turpentine,  which  he  lakes  up  by  the  point  of  a  piece  of  wood, 
and  drops  successively  upon  a  thin  and  well-polished  glass: 
different  quantities  being  thus  taken  up  and  dropped  in  a  simi- 
lar manner,  form  four  or  more  plano-convex  tenses  of  turpen- 
tine varnish,  which  may  be  made  of  any  focal  length,  by  tak- 
ing up  a  greater  or  less  quantity  of  the  fluid.  The  lower  sur- 
face of  the  glass  having  been  first  smoked  with  a  candle,  the 
black  pigment  below  the  lenses  is  then  to  be  removed,  so  that 
no  light  may  pass  by  their  circumference.  The  piece  of  glasq 
is  then  to  be  Dcrforated,  and  surrounded  with  a  toothed  wheel, 
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whicli  can  be  moved  round  the  hole  as  a  centre  by  an  endkai 
screw.  The  apparatus  is  then  placed  in  a  circular  case,  and 
this  case  fixed  to  a  horizontal  arm  by  means  of  a  brass  pni» 
which  passes  through  its  upper  and  under  surfaces,  and 
through  the  hole  already  mentioned,  which  does  not  embrace 
the  pm  very  tightly,  in  order  that  the  toothed  wheel  may 
revolve  with  facility.  On  the  upper  surface  of  the  circular 
case  is  au  aperture  directly  above  the  line  described  by  the 
centres  of  the  fluid  lenses,  when  moving  r<»und  the  central 
hole ;  and  in  this  aperture  is  inserted  a  small  cap,  with  a  little 
hole  at  its  top,  to  which  the  eye  is  applied.  A  moveable  stage 
carries  the  slider,  on  which  microscopic  objects  are  laid,  and 
is  brought  nearer  or  removed  from  the  lenses  by  u  vertical 
screw.  The  objects  on  the  sFider  are  illuminated  by  a  plane 
mirror,  which  has  both  a  vertical  and  horiiontal  motion  for 
this  purpose.  When  the  microscope  i^  thus  constructed,  the 
object  to  be  viewed  is  placed  upon  the  slider,  and  the  endless 
screw  is  turned  till  one  of  the  lenses  be  directly  under  the 
aperture;  and  the  slider  is  thus  raised  or  depressed  by  the 
vertical  screw,  till  the  object  be  brought  into  the  focus  of  the 
lens.  In  this  manner,  by  turning  the  endless  screw,  and 
bringing  all  the  lenses,,  one  after  another,  directly  below  the 
aperture,  the  object  may  be  successively  exaniuied  with  a 
variety  of  magnifying  powers.  These  fluid  lenses  have  been 
employed  as  the  object-glasses  of  compound  microscopes. 

Minute  glass  spherules  make  very  excellent  microscopes, 
for  which  we  are  indebted  to  Dr.  Hooke;  but  the  foci  of 
the  smallest  sort  are  so  short,  that  it  requires  considerable 
'  attention  and  patience  to  employ  them  well.  F.  Di  Torre,  of 
Naples,  in  1765,  sent  several  glass  globules  to  the  Royal  So- 
ciety. The  largest  of  them  was  only  two  Paris  points  in 
diameter,  and  is  said  to  magnify  the  diameter  of  an  object 
640  times ;  another  was  the  size  of  one  Paris  point,  magnify- 
ing the  diameter  1280  times ;  and  the  smallest  no  more  than 
one-half  of  a  Paris  point,  or  the  144th  part  of  an  inch  in 
diameter,  and  is  said  to  magnify  the  diameter  of  an  object 
2560  times,  and  consequently  the  square  of  that  diameter 
6,553,600  times.  Globules  so  exceedingly  minute  as  these, 
were  at  one  time  highly  prized,  but  spherule  microscopes  are 
not  now  made  so  small,  to  avoid  straining  the  eyes.  The 
third  or  smallest  globule  above  mentioned,  could  only  be  the 
576th  part  of  an  inch  distant  flrom  the  object,  because  the 
focus  of  a  glass  globe  is  at  the  distance  of  one-fourth  of  ita 
(Uameter;  it  is  obvious  therefore  that  it  would  admit  very 
little  litrht,  and  could  not  be  used  without  pain  and  difficulty 
even  by  practised  observers. 
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Mad«  of  Di&iiig  gim  ■pbernlat. 

Of  tile  various  methods  which  have  been  recommended  for 
making  glass  spherules,  the  following  by  Nicholson  is  perhaps 
the  beat.  It  is  observed,  by  this  valuable  practical  writer, 
that  the  usual  metliod  has  been  to  draw  out  a  fine  thread  of  the 
eoft  white  glass  called  crystal,  and  to  convert  the  extiemity  of 
this  into  a  spherule  by  melting  it  at  the  flame  of  a  candle.  But 
this  glass  contains  lead,  which  is  disposed  to  become  opaque 
by  partial  reduction,  unless  the  management  be  very  carefully 
attended  to.  He  found  that  the  hard  glass  used  for  windows 
seldom  fails  to  aHbrd  excellent  spherules.  This  glass  is  of  a 
clear  bright  green  when  seen  edgeways.  A  thin  piece, less  than 
one-tenth  of  an  inch  broad,  was  cut  from  the  edge  of  a  pane  of 
glass.  This  was  held  perpendicularly  by  the  upper  end,  and  the 
flame  of  a  candle  was  directed  upon  it  by  the  blow-pipe,  at 
the  distance  of  about  an  inch  from  the  lower  end.  Tlie  glass 
became  soft,  and  the  lower  piece  descended  by  its  own  weight 


lo  the  distance  of  about  two  feet,  where  it  remained  s 


by  a  thin  thread  of  glass,  about  xiiitli  of  an  inch  iu  diameter. 
A  part  of  this  threacT was  applied  endways  to  the  lower  blue 
flame  of  the  candle,  without  the  use  of  tne  blow-pipe.  The 
extremity  immediately  became  white,  and  formed  a  globule. 
Th«  glass  waa  then  gradually  and  "regularly  tluust  towards  the 
flame,  but  never  into  it,  until  the  globule  was  sufGcieiilly  large. 
A  number  of  these  were  made,  and  being  afterwards  esamined 
by  viewing  their  focal  images  with  a  deep  magnifier,  proved 
very  bright,  round,  and  perfect. 

Spherules  are  mounted  for  use,  by  placing  them  between 
two  very  thin  plates  of  brass  or  silver,  each  containing  a  small 
bole  rather  less  than  themselves.  If  any  imperfection  in  the 
globule  is  discoverable,  it  is  placed  on  one  siile,  so  that  it  may 
be  covertd  by  the  plates,  Tlie  objects  may  be  placed  on  the 
point  of  a  needle,  the  direction  of  which  should  be  at  right 
angles  to  the  axis  of  the  eye,  to  prevent  accidents. 

In  using  these  spherule  microscopes,  the  objects  are  to  be 
placed  in  one  focus,  and  the  eye  in  the  other  ;  and  from  the 
fihortness  of  the  focus,  it  becomes  nearly  impossible  to  view 
any  but  pellucid  objects,  because  the  neari>eBs  of  the  eye 
obscures  the  light. 

At  page  273,  we  have  adverted  to  the  "discoveries  of  Lewen- 
hoeck  ;  these  were  all  made  with  single  microscoj)es,  whicb, 
though  spherules  in  appearance,  were  in  reality  double  convet 
lenses.  He  bequeathed  to  the  Royal  Society  a  cabinet  of  micro' 
scopes  made  with  his  own  hands.  The  focus  of  the  greatest 
magnilier  was  at  the  distance  of  -^  of  an  inch  from  its  centre, 
c'onsequently  it  magnifies  the  diameter  of  an  object  160  times, 
the  superficies  25,600,  and  the  solidity  4,096,000,  on  the  sup- 
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position  that  distinct  vision  is  not  naturally  effected  nearer 
than  ei^ht  inches,  which  is  an  average  distance. 

Ill  all  microscopes,  it  is  desirable  to  have  the  means  of 
viewing  objects  with  ease  and  steadiness.  The  following  form 
of  a  single  microscope  is  very  convenient.  AB,  fig.  5,  plate  Y. 
is  a  tablet  of  wood,  ivory,  8cc.  to  which  is  fitted  a  small  handle 
of  the  same  material.  Uponthe  top  of  it  is  fixed  a  small  cylin- 
drical stem,  G,  and  this  stem  receives  the  frame  containing  a 
lens  C,  at  the  focal  distance  of  which  a  small  pair  of  pliers 
holding  the  object,  may  be  placed  by  means  ot  a  slide  and 
adjusting  screw  L.  The  pliers  are  opened  by  means  of  two 
little  studs,  a  e.  The  eye  is  at  the  other  focus  of  the  lens,  and 
the  object  is  of  course  seen  magnified  according  to  the  power 
of  the  lens  employed.  This  instrument^  encased  in  a  case, 
may  be  carried  in  tne  pocket  without  encumbrance.  Lenses, 
the  focal  lengths  of  which  are  from  three  to  five-tenths  of  an 
inch,  are  the  most  suitable  for  ordinary  use. 

Dr.  WoUaston  has  proposed  an  improvement  of  micro- 
scopes, which  he  thinks  highly  advantageous.  The  great  desi- 
deratum, he  observes,  in  employing  high  magnifiers,  is  suffi- 
ciency of  light ;  and  it  is  accordingly  expedient  to  make  the 
aperture  of  tne  little  lens  as  large  as  is  consistent  with  distinct 
vision.  But  if  the  object  to  be  viewed  is  of  such  magnitude 
as  to  appear  under  an  angle  of  several  degrees  on  each  side  of 
the  centre,  the  requisite  distinctness  cannot  be  given  to  the 
whole  surface  by  a  common  lens,  in  consequence  of  the  con- 
fusion occasioned  by  the  oblique  incidence  of  the  lateral  rays, 
excepting  by  means  of  a  very  small  aperture,  and  proportionable 
diminution  of  light.  In  order  to  remedy  this  inconvenience, 
he  used  two  plano-convex  lenses  ground  to  the  same  radius, 
and  applied  their  plane  surfaces  on  opposite  sides  of  the  same 
aperture  in  a  thin  piece  of  metal.  Ttius  he  virtually  obtained 
a  double  convex  lens,  with  this  advantage,  that  the  passage  of 
oblique  rays  was  at  right  angles  with  the  surfaces,  as  well  as 
the  central  pencil.  With  a  lens  so  constructed,  the  perfora- 
tion that  appeared  to  give  the  most  perfect  distinctness,  was 
about  one-fifth  part  of  the  focal  length  in  diameter,  and  when 
such  an  aperture  is  well  centred,  the  visible  field  is  at  least  as 
much  as  twenty  degrees  in  diameter.  It  is  true,  that  a  portion 
of  light  is  lost  by  doubling  the  number  of  surfaces,  but  this  is 
more  than  compensated  by  the  greater  aperture  which,  under 
these  circumstances,  is  compatible  with  distinct  vision. 


Ellis's  iingle  aquatic  Microscope. 

This  instrument  takes  its  name  from  Jobn  Ellis,  tlie  author 

an  essay  towards  a  natural  his  tary  of  corallines,  and  of  many 

iuiis  and  uncommon  zoophytes.     It  enabled  him  to  pursue 

investigations,  relative  to  the  structure  and  economy  of 

■^ese  wonderful  productions  of  Nature,  with  considerable  buc- 

'Ss  ;  and  it  is  well  adapted  to  shew  botanical  subjects.     It  ia 

[Qple  in  its  construction,  very  portable,  and  commodious  in 

,  :e.     It  is  represented  by  fig.  6,  pi.  V. 

-.  The  whole  apparatus  ia  contained  in  a  small  box  or  case,  K, 
'  ich  is  generally  covered  with  fish-akin.  On  the  top  of  the 
t  there  is  a  socket,  for  receiving  the  screw  which  is  at  the 
bottom  of  the  brass  pillar.  A,  when  the  instrument  is  prepared 
fur  use.  D  13  a  cylindrical  brass  pin,  which  e.xactlv  fills  and 
slides  up  and  down  in  a  hole  drilled  in  the  middle  ot  the  pillar 
A.  The  pin  D  is  moveable,  in  order  to  adjust  the  lenses  to 
their  focal  or  proper  distances  from  the  object.  It  maybe  fast- 
ened at  any  height  by  the  screw  Z,  which  presses  against  it;  at 
the  top  of  it  is  a  soctet,  to  receive'  the  arm  or  bar  E,  which  car- 
ries the  magnifiers.  The  arm  E  may  be  moved  backwards  and 
forwards  in  the  socket  X,  and  sideways  by  turning  it  with  the 
pin  D  ;  so  that  the  magnifier,  which  is  screwed  into  the  ring 
at  the  end  of  the  bar  E,  may  be  easily  made  to  traverse  over 
any  part  of  the  object  lying  on  the  stage  or  plate  B. 

r  is  a  pohshed  silver  speculum,  with  a  magnifying  lens 
placed  at  the  centre  of  it,  which  is  perforated  for  the  purpose. 
lyhe  silver  speculum  screws  into  the  arm  E,  as  at  F.  G, 
mother  speculum,  with  its  lens,  which  ia  of  a  different  magni- 
^ng  power  to  the  former.  H  is  a  brass  semi-circle,  which 
mpports  the  mirror  I ;  the  pin  R  of  this  semi-circle  passes 
"i  a-hole  towards  the  bottom  of  the  pillar  A.  B,  the 
Fctage  on  which  the  objects  are  to  be  placed ;  it  fits  into  a  small 
dove-tailed  arm,  which  is  at  the  upper  end  of  the  pillar  A.  C, 
a  plane  round  glass,  with  a  small  piece  of  black  silk  stuck  on 
it,  is  used  to  lie  in  a  circular  groove  made  in  the  stage  B.  A 
hollow-glass,  like  a  watch-glass,  is  occasionally  laid  on  the 
stage  instead  of  the  plane  glass.  L,  a  pair  of  nippers.  These 
rjwe  fixed  to  the  stage  by  the  pin  at  the  bottom ;  tlie  steel  wire 
'^these  nippers  slides  backward  and  forward  in  the  socket,  and 
Ais  socket  is  moveable  upwards  and  downwards  by  means  of 
the  joint,  so  that  the  position  of  the  object  may  be  varied  at 
pleasure.  The  object  may  be  fixed  in  the  nippers,  stuck  on 
the  point,  or  affixed  by  a  little  gum-water.  Sic.  to  the  ivory 
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cylinder  N,  which  screws,  when  occasion  requires,  to  the  point 
of  the  nippers. 

To  use  this  microscope,  after  taJdftg^  all  the  parts  of  the 
apparatus  out  of  the  box,  begin  by  screwing  the  pillar  A  to  the 
cover ;  pass  the  pin  R,.  of  me  semi-cirde  which  carries  the 
mirror,  through  the  hole  which  is  near  the  bottom  of  the  pillar 
A ;  push  the  stage  into  the  dore-tail  at  B,  stide  the  pia  D  into 
the  pillar ;  then  pass  the  bar  E  through  the  socket  A,  which  is 
at  the  top  of  thepift  IX,  and  screw  one  of  the  magnifying  lenses 
into  the  ring,  at  F.  These  operations,  wbiclk  are  performed  in 
a  very  short  time,  in  a  less  time,  indeed,  than  is  necessary  to 
describe  them,  prepare  the  microscope  for  use*  Let  the  object 
be  now  placed  either  upon  one  of  the  glasses  of  the  stage,  or 
in  the  ntppers  L,  and  m  such  a  manner  that  it  may  be  as  nearly 
as  possible  over  the  centre  of  the  stage*  Bring  the  speculum 
V  over  the  part  yo«i  mean  to  observe ;  then  throw  as  much  light 
ae  possible  on  tne  speculum,  by  means  of  the  mirror  I.jvhicb, 
it  win  be  perceived,  admits  of  a  double  motion — one  horizon- 
tally, the  other  to  set  it  in  any  required  angle:  the  light 
received  by  the  speculum  is  reflected  by  it  oathe  object.  The 
distance  of  the  lens  F  from  the  object,  is  regulated  by  moving 
the  pin  D  up  and  down,  until  a  distinct  view  of  it  is  obtained. 
The  best  rule  is,  to  place  the  lens  beyond  its  focal  distance 
from  the  object,  and  then  gradually  to  slide  it  down  till  the 
object  appears  clear  and  well  defined.  The  adjustment  of  the 
lenses  to  their  foci,  and  the  distribution  of  the  light  on  the 
object,  are  what  require  the  most  attention ;  but  the  manage- 
ment of  the  instrument  is  easily  acquired  by  a  little  practice. 
This  microscope  ia  sometimes  furnianed  witha  rack  and  pinion, 
for  more  steadily  elevating  or  depressing  the  pin  D,in  adjust- 
ing the  lens  to  its  focus.  The  mirror  I  snould  be  tried  in  posi- 
tions variously  inclined  to  the  object,  in  order  to  ascertain  that 
in  which  it  reflects  the  light  best  adapted  to  observation. 

The  Hand  Megahcope. 

This  instrument  was  contrived  by  MartiB,aad  is  well  adapted 
for  viewing  the  larger  sort  of  small  objects  expeditiously.  A,^ 
fig.  7,  plate  y,  is  the  case  of  brass,  tortoise  shell,  &c*  with  its 
three  lenses  D,  E,  F,  each  surrounded  by  a  rim  or  frame  of  the 
same  material  as  the  case.  H  is  the  handle.  The  lenses  are 
commonly  of  1,  IJ,  and  2  inches  focus ;  as  they  all  move  on 
tne  same  pin,  they  turn  over  each  other,  and  can  be  used  either 
conjointly  or-  separately.  The  three  lenses  singly,  2iSovd,  oi 
coutse,  three  magnifying  powers,  and  by  combining  two  aait 
two,  we  obtain  three  more :  for  I>  with  E  maJLes  one,  D  witkFj^ 
another,  and  E  wrth  F  a  ^hird;  and  HI  tbvee  together  a^alili 


another;  so  that  by  this  simple  apparatus  we  have  eeeii  difftf- 
ent  magnifying  powers,  Wnen  the  three  lenses  are  combined, 
it  is  better  to  turn  them  in,  and  look  through  them  by  the  small  1 
aperture  in  the  sides  of  the  case,  the  eye  will  not  then  be  ) 
incommoded  by  external  light;  the  diistortion  of  objects  by  the  I 
sides  of  the  glasses  will  be  prevented,  and  the  eye  will  coincidKpf 
more  exactly  with  the  common  axes  of  the  lenses. 

Double  or  Compound  Microtcope. 

Compound  microscopes  present  to  the  eye,  not  the  objeotj 
itself,  like  the  single  microecope,  but  its  image.  i 

In  treating  of  these  instruments  and  of  telescopes,  the  leni  I 
which  is  next  to  the  object  is  called  the  object-glass,  and  all  J 
the  other  lenses  are  called  eye-glasses.  *  J 

Tig.  I,  pi.  VI.  represents  the  two  lenses  of  a  compouad  ' 
microscope  j  a  ifc  is  a  small  object,  placed  at  a  little  greater  1 
distance  from  the  object  glass  dej',  than  its  principal  focus  t  I 
pencils  of  rays  proceeding  from  the  object,  pass  through  the  j 
glass,  by  which  they  are  converged,  and  united  in  points  ^'4 
ABC,  where  an  image  is  formed,  which  is  larger  than  th»  I 
object,  in  proportion  as  the  distance  B  e  exceeds  the  tlistanodij 
ec.  The  eye-glass,  DEF,  is  so  placed,  that  its  focus  is  at  B*  4 
and  the  eye,  to  view  the  ima^e,  must  be  about  the  same  disf  d 
tance  on  the  other  side.  The  rays  of  each  pencil  will  b4  ) 
panillel  after  going  out  of  the  eye-glass,  but  they  will  be  agaid 
converged  by  the  refractive  powers  of  the  eye,  and  will  form  1 
on  the  retina,  a  large  inverled  image  of  the  object;  for  it  i4  i 
evident  that  it  is  seen,  by  the  interpoaition  of  the  glasseaj  4 
under  the  angle  IFD,  instead  of  the  angle  which  to  the  nakea  ■ 
eye  would  be  contained  between  bl  a.  '  i 

The  magnifying  power  of  this  microscope  ie  easily  computedf'J 
In  the  first  place,  the  image  AC  is  to  tne  object,  as  the  diiB^ 
tance  B  e  is  to  the  distance  e  c ;  and  secondly,  the  image  AC^fl 
will  be  seen  by  the  eye  at  I,  under  the  angle  DIP,  whicfc  f 
is  equal  to  the  angle   AEC  ;   and   therefore   the  image  wi^  | 
appear  %s  much  longer  than  to  the    naked  eye,  as  the  ditfi 
tance  BE  is  shorter  than  eight  inches,  (or  the  limit  of  di^i 
tinct  vision  to  the  naked  eye ;)  so  that,  if  the  distanoe  e-t 
be  one  inch,  eB  six  inches  and  EB  two  inches,  then  the  ima^ 
AC  is  six  times  longer  than  the  object  a  b,  and  that  imai 
is  magnified  four  times  by  the  lens  DF.     Hence  if  four  I 
multiplied  by  six,  we  shall  have  the  total  power  of  the  microf. 
scope.   Avhich  magnifies   the   diameter  of  objects  24  time^'J 
their  superficies  24  times  24.  or  fi76  times,  and  their  solidity'^ 
13,824  times. 
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This  microscope  has  a  larger  field  of  view  than  a  simple 
microscope  of  the  same  power,  and  its  field  of  view  may  be 
further  enlarged  by  the  addition  of  one  or  two  more  lenses 
instead  of  the  single  lens  DF.  The  magnifying  power  of  the 
instrument  with  more  than  two  lenses,  must  be  computed 
from  the  effect  of  all  the  lenses ;  or  it  may  be  ascertained 
experimentally  in  the  following  manner:  Place  part  of  a 
divided  ruler  before  the  microscope,  so  that,  looking  through 
the  instrument,  you  may  see  one  of  its  divisions  magnified; 
then  open  the  other  eye  also,  and,  looking  with  it  at  the 
ruler  out  of  the  microscope,  the  image  of  the  magnified 
division  will  seem  to  be  projected  on  the  ruler;  and  you 
may  easily  see  how  many  aivisions,  of  the  unmagnified  ruler, 
measure  or  are  equal  to  the  single  magnified  division,  and 
that  number  is  the  magnifying  power  of  the  microscope* 
Thus,  if  the  ruler  be  divided  after  the  common  way,  into 
inches  and  tenths,  and  one-tenth  is  magnified,  so  as  to 
appear  equal  to  three  inches,  you  may  conclude  that  the 
microscope  magnifies  the  diameter  or  length  of  objects  thir^ 
times. 

The  Solar  Microscope. 

This  microscope  is  sometimes  called  the  camera  obscura  mi- 
croscope,  but  it  still  more  nearly  resembles  the  magic  lantern 
in  its  effect.  The  exhibition  it  affords  is  made  in  a  darkened 
room,  and  it  can  only  be  used  when  the  sun  shines. 

This  instrument  consists  of  one  plane  mirror,and  two  lenses ; 
the  mirror,  s  o,  fig.  2,  pi.  VI,  must  De  without  the  window  shut- 
ter d  u ;  the  lens  a  6  in  the  shutter ;  and  the  lens  n  within  the 
dark  room.  The  lens  a  6  is  inclosed  in  a  brass  tube,  and  the 
lens  n  in  another  smaller  tube,  which  slides  in  the  former,  for 
the  purpose  of  adjusting  it  to. the  proper  distance  from  the 
object.  The  mirror  can  be  so  turned  by  adjusting  screws,  that 
however  obliquely  the  incident  rays  EF  fall  upon  it,  they  can 
be  reflected  horizontally  into  the  dark  room,  through  the  iUu- 
minatmg  lens  a  6.  This  lens  collects  those  rays  into  a  focus 
near  the  object  eg;  and  passing  on  through  tne  object,  they 
are  met  by  the  magnifier  n;  here  the  rays  cross,  and  proceed 
divergently  to  a  vertical  white  screen  prepared  to  receive  them, 
on  which  screen  the  image  or  shadow,  q  r,  of  the  object  will 
appear.  The  magnifying  power  of  this  instrument  depends  on 
the  distance  of  the  white  screen ;  and  in  general  bears  a  pro- 
portion to  the  distance  of  the  object  c^  from  the  magnifier  «; 
that  is,  if  the  screen  be  ten  times  that  distance  from  the  lens  », 
the  image  will  be  ten  titnes  as  long»  and  ten  times  as  broad,  as 
the  object.     About  ten  or  twelve  feet  is  the  best  distance,  fori 
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if  further  off,  the  image,  though  larger,  will  be  obscure,  and 
ill -de  fined. 

A  telescope  may  be  converted  into  a  microscope,  by  remov* 
ing  the  object-glass  to  a  greater  distance  from  the  eye-glasa,  . 
And  since  the  distance  of  the  image  is  various,  according  to 
the  distance  of  the  object  from  the  focus,  (and  it  is  magnified 
the  more,  as  its  distance  from  the  object  is  greater,)  the  sama. 
telescope  mav  be  successively  converted  into  microscopesi 
which  magnify  in  different  degrees. 

Opaque  Mkroseope. 

The  Bolar  microscope  above  described,  is  calculated  only  ta 
exhibit  transparent  objects,  or  at  least  such  as  permit  a  part  (^ 
theincident  light  to  pass  through  them;  to  view  opaque  objects, 
another  mirror  must  be  ijsed,  in  order  that  they  may  be  seen  by 
the  light  they  reflect.  In  fig.  3,  pi.  VI,  the  mirror  a,  and  th« 
lens  r,  are  the  same  as  in  the  common  solar  microscope  ;  hut 
the  converging  raya  from  c  are  met  by  a  mirror  en,  placed 
diagonally,  and  which  throws  up  the  rays  much  condensed  upon' 
the  opaque  object  SR ;  from  the  object  they  are  reflected  to  thfl'  i 
magnifier  0,  from  which  they  proceed  diverging  to  the  screeii 
p  q,  where  the  object  willbe  painted  and  greatly  magnified.  Th« 
objects  are  generally  stuck  by  a  wafer,  or  gum-water,  to  a  thi4 
slider  of  wood,  and  not  placed  in  the  focus  of  the  lens  C,  to 
prevent  their  being  burnt.  The  feathers  of  birds,  seeds  of  | 
plants,  sections  of  wood,  together  with  sponges,  ferns,  and 
similar  objects,  exhibit  very  interesting  appearances  in  thui- 
microscope.  ' 

Of'  Microscopic  ObjecU. 

Whatever  object  offers  itself  as  the  subject  of  our  examina- 
tion with  the  microscope,  the  size,  contexture,  and  nature  of  it, 
are  first  to  be  considered,  in  order  to  examine  it  with  such 
glasses,  and  in  such  a  manner,  as  may  shew  it  best.  The  first' 
step  should  always  be  to  view  the  whole  of  it  together,  with  a 
magnifier  that  will  take  the  whole  of  it  in  at  once  ;  and  after 
this,  the  several  parts  of  it  may  the  more  fitly  be  examined, 
whether  remaining  on  the  object  or  separated  from  it.  The 
smaller  the  parts  are,  the  more  powerful  ought  the  magnifierB 
to  be  which  are  employed.  The  transparencyor  opacity  of  the  ■ 
object  must  also  be  considered,  and  the  glasses  employed  mua| 
be  selected  accordingly;  for  a  transparent  object  will  bear  » 
much  greater  magnifier  than  one  which  is  opaque,  since  tho 
nearness  of  the  eye,  when  a  high  magnifier  is  used,  unavoidably 
darkens  an  object,  in  its  own  nature  opaque,  and  renders  it 
very  difficult  to  be  seen,  unless  by  the  help  of  «ii  apparatui 


499  OPVircflu 


contrived  for  that  purpose^  like  £Uis*s  microscope,  with  a  sihrer 
speculum.  Most  objects,  however,  become  transparent  hf 
being  divided  into  extremely  thin  parts. 

The  nature  of  the  object  also,  wnether  it  be  alive  or  dead,  a 
solid  or  a  fluid,  an  animal,  a  vegetable,  or  a  mineral  substance* 
must  likewise  be  considered,  and  all  the  circumslances  of  it 
attended  to;  that  we  may  proceed  in  the  most  advantageoun 
manner.  If  it  be  a  living  object,  care  must  be  taken  not  !• 
squeeze  or  injure  it,  that  we  may  see  it  in  its  natural  state  and 
full  perfection.  If  it  be  a  fluid,  and  that  too  thick,  it  must  be 
diluted  with  water  ;  and  if  too  thin,  we  should  let  some  of  its 
watery  parts  evaporate.  Some  substances  are  fittest  for  obser- 
vation when  dry,  others  when  moistened,  and  others  after  tkey 
liave  been  kept  for  some  time. 

Light  is  the  next  thing  to  be  takex^  care  of,  for  on  thm  tli« 
truth  of  all  our  observations  depends  ;  a  little  experience  wiU 
shew  how  ver]^  differently  objects  appear  in  one  d^ree  of  it  t# 
what  they  do  in  another.  Hence,  every  new  obiect  should  bf 
viewed  in  all  degrees  of  light,  from  the  greatest  glare  of  bright- 
ness to  perfect  obscurity ;  and  in  all  positions  to  each  degree^ 
till  we  obtain  all  the  evidence  we  can  of  its  form  and  figure. 
In  many  objects  it  is  very  diflicult  to  distinguish  between  a 
prominency  and  a  depression,  a  black  shadow  and  a  black 
stain;  and  in  colour,  between  a  bright  reflection  and  whitenesa. 
The  eye  of  a  fly  in  one  kind  of  li^ht  appears  like  a  lattice 
drilled  full  of  holes,  in  the  sun-shme  Lke  a  solid  substance 
covered  with  golden  nails ;  in  one  position  like  a  surface 
coveied  with  pyramids  ;  in  another  with  cones,  and  in  others 
with  still  different  shapes.  * 

The  degree  of  light  must  always  be  suited  to  the  object.  If 
that  be  dark,  it  must  be  seen  in  a  full  and  strong  Ught;  bat  if 
transparent,  the  light  should  be  proportionably  weak ;  for 
which,  reason,  there  is  a  contrivance,  both  in  the  single  and 
double  microscope,  to  cut  off*  the  superabundant  rays,  when 
Buch  transparent  ol:yects  are  to  be  examined  with  the  largest 
magnifiers.  Light  admitted  into  a  darkened  room,  through  a 
Jkole  in  a  witdow-shutter,  suits  microscopic  observations  ex* 
tremely  welL  The  light  of  a  candle,  is,  for  many  objects, 
4Uid  especially  for  such  as  are  very  bright,  transparent,  and 
minute,  prefetable  to  day-light;  for  omers,  a  serene  da]^ 
light  is. blest :  but  sun-shine  is  the  worst  light  of  all.  This 
rematk  does  not  apply  to  the  solar  microscope,  for  which 
nothing  but  sun-shme  will  answer,  and  the  brighter  it  is,  the 
Jietter;  with  this  instrument,  however,  we  do  not  see  the  object 
itself  on  which  the  sun-shine  is  cast,  but  only  the  image  or 
shadow  of  it  greatly  extended  on  a  screen ;  and  therefore  .no 
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confusion  cao  arise  from  llie  glaring  rtflection  qJ  (he  ,.,, 
rays  from  tlie  object  lo  Uie  eye,  as  with  other  tnicrbscop^ 
And  with  the  solar  microscope,  ive  must  rest  conteitted  tvifn 
viewing  the  true  figure  of  an  object,  without  expecting  to  6qd 
its  nulural  colour;  siace  no  shadow  can  possibly  eshibit  t^e 
colour  of  the  body  which  it  represents. 

Most  objects  require  also  some  management,  in  order  to 
bring  tliem  properly  before  the  glasses,     if  they  are  flat  auq 
trans  parent,  and  such  as  will  not  be  injured  by  pressure,  (hs 
best  way  is  to  incloae  them  between  two  thin  pieces  of  Mus- 
covy talc,  fastened  by  brass  rings  In  a  hole  made  tlirougli " 
slip  of  metal  or  ivory,  called  a  slider.    By  tins 
very  conveniently    preserve    tbe    feathers  of  bi 
scales  of  lishes,  and  the  farina  of  flowers,  as  al 
insects,  the  whole  bodies  of  minute  ones,  and  a  great  number 
of  other  objects.     Each  slider  should  contain  three,  four,  oi 
more  holes,  which  should  not  be  filled  promiscuously ;  but  M 
the  objects  preserved  in  one  slider  should  be  sucb  as  retjuJM. 
the  same  magDifytng  power  to  view  them,  that  there  may  niu 
be  a  necessity  of  changing  tbe  glasses  for  eveiy  object;  auB 
the  sliderx  should  be  marked  with  tbe  number  of  the  magnilier  i 
to  be  used  in  viewing  what  it  contains.     In  placing  Ine  oV-  i 
jects  in  the  sliders,  it  is  proper  to  have  at  band  a  small  magr  « 
niG^r,  of  about  an  inch  focus,  to  examine  and  adjust  them  by^  J 
before  they  are  fixed  down  with  tbe  rings.  1 

Small  living  object^,  such  as  lice,  fleas,  bugs,  mites,  minuw  J 
Bpiders,  Sic.  may  be  placed  between  the  talcs  without  injuring  J 
them,  if  care  be  taken  to  lay  on  the  brass  rings  without  pres^  1 
log  them  down ;  but  if  they  are  too  large  to  be  treated  tbub  | 
they  should  be  either  preserved  between  two  concave  glasses 
or  else  viewed  immediately,  by  holding  them  in  tbe  ptiers,  or 
sticking  them  on  the  point,  witb  which  the  other  end  of  thai 
iofitrument  is  usually  furnished.  ^ 

The  circulation  of  the  blood  may  be  most  easily  seen  in  tlie  \ 
tails  and  fins  of  fishes,  in  the  fine  membranes  Detween_  the  j 
toes  of  a  frog,  or  best  of  all  in  the  tail  of  a  water-newt. 
pEirts  of  obiects  of  this  desciiption  as  are  intended  to  be  pa|i-  i 
ticutarly  vieived,  must  be  expanded  within  a  glass  tube ;  sevc'  L 
ral  sizes  of  glass  tubes  usually  accompany  a  microscope,  and.  1 
such  a  one  should  be  selected  as  will  just  admit  the  objecc*  I 
which  will  then  remain  more  quiet  to  be  examined.  J 

If  fluids  come  under  examination,  to  discover  the  ooimu-  I 
cula.they  contain,  a  Kmall  drop  is  to  be  taken  with  a  h^  ] 
pencil,  or  on  the  nib  of  a  clean  pen,  and  placed  on  a  plate  of  j 
glaas.  If  they  are  too  numerous  to  be  thus  seen  distinctly,  | 
i  lukswarin  water  mast  be  added  to  the  drop ;  they  will  J 
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then  separate,  and  may  be  seen  extremely  well.  Bat  if  we 
are  to  see  the  salts  in  a  fluid,  the  contrary  method  must  be 
obserred,  and  the  plate  of  glass  must  be  held  gently  over  the 
fire,  till  part  of  the  liquor  is  evaporated. 
'  The  dissection  of  minute  animals  requires  considerable  pa- 
tience and  care ;  but  may  be  done  very  accurately  by  means 
of  a  needle  and  a  fine  lancet,  placing  the  subject  in  a  drop  of 
Witter,  for  then  the  parts  will  readi^  unfold  themselves,  and 
will  be  very  distinctly  seen. 

Such  may  be  the  methods  resorted  to  for  preserving  trans* 
parent  objects ;  but  the  opaque  ones,  such  as  seeds,  woods, 
occ.  require  a  very  different  treatment,  and  are  best  preserved 
and  viewed  in  the  following  manner : 

Cut  eard-paper  ipto  small  slips,  about  half  an  inch  lon^, 
and  the  tenth  of  an  inch  broad ;  wet  th^se  half  way  of  their 
length  in  gum-water,  and  with  th^t  fasten  on  several  parcels 
of  tne  object.  These  are  very  convenient  for  viewing  by  the 
microscope  made  fdr  opaque  objects  with  the  silver  speculum ; 
put  they  are  proper  for  any  microscope  adapted*  for  opaque 
bodies.  ' 

A  small  hot  should  be  contrived  for  these  slips,  with  little 
shallow  holes  for  the  reception  of  each :  and  this  is  conveifi- 
ently  done,  by  cutting  pieces  of  pasteboard,  such  as  the  corera 
of  books  are  niade  or,  to  the  size  of  the  box,  so  that  they  will 
just  go  into  it;  and  then  cutting  holes  through  them  with  k 
small  chisel,  of  the  shape  of  the  slips  of  card ;  these  paste- 
hoards  hayii^  then  a  paper  pasted  over  their  bottom,  are  cells 
very  proper  for  the  reception  of  these  slips,  which  may  easily 
be  taken  out  by  means  of  a  pair  of  pliers,  and  will  be  always 
ready  for  use. 

Great  caution  is  necessary,  in  forming  a  judgment  on  what 
IS  seen  by  the  microscope,  if  the  objects  are  extended  or  con- 
tracted by  force  or  dryness.  Nothitigcan  be  determined  re- 
specting them,  without  making  the  proper  allowances,  and  dif- 
ferent lights  and  positions  will  often  shew  the  same  object  as 
very  different  from  itself.  There  is  no  advantage  in  any  greater 
magnifier  than  such  as  is  capable  of  shewing  distinctly  the 
object  viewed  f  and  the  less  the  glass  magnifies,  the  more 
pleasantly  the  object  is  seen. 

In  geneyal,  the  colours  of  objects  are  less  to  be  depended 

on  in  proportion  as  the  magnifying  power  by  which  they  are 

viewed   is   greater';    for  their   several   component    particles 

.,  being  by  this  means  removed  to  greater  distatvces  froia  one 

another,  may  give  reflections  very  different  from  what  they 

'  j¥Oul(i  if  seen  by  the  naked  eye.  * 

The  motions  of  living  creatures,  also,  or  of  the  fltiida  eon- 


tained  in  their  bodies,  are  bj  no  means  to  be  hastily  judged 
of  from  Tvliat  we  see  by  the  microscope,  without  due  coneidera* 
tion ;  for  as  the  moving  body,  and  the  space  in  which  it  moves, 
are  both  magnified,  the  motion  must  be  so  too ;  and  therefore 
that  rapidity  with  which  the  blood  seems  to  pass  through  the 
ressels  of  small  animals  must  be  judged  of  accordingly  :  aup* 
pose,  for  instance,  that  a  horse  and  a  mc(U!Je  move  their  limbs 
exactly  at  the  same  time,  if  the  horse  runs  a  mile  while  the 
mouse  runs  fifty  yards;  though  the  number  of  steps  are  the 
same  in  both,  the  motion  of  the  horse  must  notwithstanding  be 
altow,ed  to  be  the  swiftest,  and  the  motion  of  a  mite,  as  viewed 
by  the  naked  eye,  or  through  the  microscope,  is  perhaps  not 
less  different. 
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Telescopes  are  instrumenta  employed  for  discovering  and 
fiewing  distant  objects.  They  are  of  two  kinds — rrfractins 
and  Tweeting:  the  former  consist  of  different  lenses,  through 
which  the  objects  are  seen  by  rays  refracted  by  them  to  the 
eye;  but  the  latter  consist  of  specula,  by  which  the  rays 
are  reflected,  with  lenses  to  magnify  the  image  formed  by  the 
specula. 

The  principal  effects  of  telescopes  depend  upon  this  maxim, 
that  objects  appear  larger  in  proportion  to  the  angles  which 
they  subtend  at  the  eye  ^  and  the  effect  is  the  same,  whether 
the  pencils  of  rays,  by  which  objects  are  visible  to  us,  come 
directly  from  the  objects  themselves,  or  from  any  place  nearer 
to  the  eye.  where  they  may  have  been  united  so  as  to  form 
an  image  of  the  object,  because  they  issue  again,  in  certain 
directions,  from  those  points  where  there  is  nothing  to  in* 
tercept  them,  in  the  same  manner  as  they  did  from  the  oorre* 
sponding  points  in  the  objects  themselves.  In  fact,  there- 
fore, all  that  is  effected  by  a  telescope,  is,  first  to  make 
such  an  image  of  a  distant  object,  by  means  of  a  lens  or 
mirror;  and  then  to  give  the  eye  some  assistance  for  view* 
ing  that  image  as  near  as  possible;  so  that  the  angle  which 
it  shall  subtend  at  the  eye,  may  be  very  lar^e,  compared  with 
the  angle  which  the  object  itself  would  subtend  in  the  sama 
situation.  This  is  accomplished  by  means  of  an  eye-glaaa, 
which  so  refracts  the  pencils  of  fays,  that  they  may  afterward* 
be  brought  to  their  several  foci  by  the  humouri  of  tlie  eye. 
But  if  the  eye  was  so  formed  as  to  be  able  to  see  the  image 
with  sufficient  distinctness  at  the  same  distance  without  an 
»>«rgja&8»)i:,^-aHUl  appear  its  much  magnified  wJt  4o««  wtien 
— _j^ . 
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'«  ^ais  it  VMbd  fcrf  tfaftt  Purpose,  though  it  wotild  not  in  all 
cofim  bare  to  tat^  a  fim  of  VTe#. 

Atohough  ivo  imagt  be  afCtnally  formed  by  the  foci  of  the 
pencils  Afitbofit  the  eye.  yet  if,  by  the  help  of  any  eye-glass, 
the  pendfs  of  rays  sliaH  entef  the  pnpil,  jnst  as  they  wonid 
ha?e  dione  from  any  plac^  without  the  eye-glass,  the  visual 
srngle  wiH  be  th«  sattie  as  if  an  image  had  been  actually 
formed  in  that  place. 

The  forms  6f  reftacting  and  reflecting  telescopes  have  been 
frequently  varied,  and  sometimes  they  are  distinguished  by  the 
name  of  their  iuTentoi*,  as  the  Galilean  and  Newtonian  tele- 
scopes ;  •oynetimes  by  the  partictilar  use  for  which  they  are 
most  proper,  as  the  "land  telescope,"  "the  night'^ass,  or  as- 
tronomical telescope;"  and  sometimes  by  one  of  their  remark- 
able properties,  as  the  "  achromatic  telescope."  We  shall  in 
the  first  place  notice  refracting  telescopes. 

Th6  Asironimical  Telesccpe. 

This  telescope  consists  of  two  convex  lenses,  AB,KM9  fig.  4, 
pi.  VI.  each  fixed  at  the  extremity  of  a  different  tube.  One  of 
the  tubes  is  very  short,  as  its  use  is  merely  to  adjust  the  focus  in 
proportion  to  tne  distance  of  the  object  viewed ;  and  it  slides 
within  the  other.  The  tubes  are  not  represented  in  the  figure, 
as  the  external  form  of  telescopes  are  familiar  almost  to  all. 
Contrary  to  the  arrangement  which  takes  pUce  in  the  micro 
scope,  the  glass  which  has  the  longest  focus  is  presented  to 
the  object,  and  therefore  constitutes  the  object-glass. 

PR  represents  a  very  distant  object,  from  every  point  of 
which  rays  come  so  very  little  diverging  to  the  object  lens  KM 
of  the  telescope,  as  to  be  nearly  parallel :  p  r  is  the  picture  of 
the  object  PR,  which  would  be  formed  upon  a  screen  situated 
at  that  place.  Beyond  that  place,  the  rays  of  every  single 
radiant  point  proceed  divergently  to  the  eye-glass,  AB,  of 
greater  convexity,  and  which  causes  the  rays  of  each  pencil 
to  become  parallel,  in  which  direction  they  enter  the  eye  of 
the  observer  at  O. 

The  axes  of  the  two  lenses  are  coincident,  in  the  direction 
QLO ;  L  jp  is  the  focal  distance  of  the  object-glass,  and  "Eq  is 
the  focal  distance  of  the  eye-glass ;  consequently  ^he  distance 
between  the  two  glasses  le  equal  to  the  sum  of  their  focal  dis- 
tances* An  object  viewed  tnrough  this  telescope,  by  an  eye 
situated  at  O,  will  appear  magnified  and  distinct,  but  mverted. 
The  object  seen  witnout  the  telescope,  will  be,  to  its  appear- 
ance through  the  telescope,  as  jr  E  to  ;  L ;  that  is,  as  the  focal 
divtance  of  the  eye-gUss  to  the  focal  distance  of  the  ofyect* 


glass.     For  the  pencils  of  rays,  which,  afler  their  ciosGing  at 
rqp  proceed  divergently,  fall  upon  the  lens  AB,  in  the  tama 
manner  as  if  a  real  object  were  situated  at  r  q  p.  and  conse* 
quently,  after  passing  through  that  lens,  tlie  rays  of  each  pencil 
proceed  parallel.     Now  to  the  eye  at  O,  the  apparent  magni- 
tude  of  the  object  PR,  is  measured  by  the  angle  BOA,  or  bj>  J 
its  equal  p  £  ";  but  to  the  naked  ere  at  L,  when  the  glass  is  re^il 
.moved,  the  apparent  magnitude  of  the  object  is  measured  h]it«L 
the  angle  PLU,  or  by  its  equal  r  Lp;  therefore  the  apparcnlt»l 
magnitude  to  the  naked  eye,  is  to  the  apparent  magnitude 
through  the  telescope,  as  the  angle  r  hp  is  to  the  angle  ;>  E  rj^ 
or  as  the  distance  f  £  is  to  the  distance  q  L. 

If  the  angles  rhp  and  p'E  r  were  equal  to  each  other,  thcl 
telescope  would  not  magnify,  and  they  would  be  equal,  jf  th^,  I 
lenses  were  of  equal  focal  distance,    ffence,  as  Uie  magnifyingitJ 
power  of  khe  telescope  is  produced  by  making  the  focal  dia 
tance  of  the  eye-glass  less  than  that  of  the  object-glass,  it 
easily  be  perceived,  that  the  greater  the  diflerence  of  the  fi 
lengths,  tue  greater  will  be  the  magnifying  power.     In  prac- 
tice, however,  it  is  found  that  they  may  be  so  disproportionat«i 
that  the  increased  magnifying  power  is  overbalanced  by  tltg 
iudiatinctnesB  which  ensues.     In  order,  therefore,  to  obtain  t 
rery  great  magnifying  power,  with  the  preservation  of  just  pra^ 
portion,  these  telescopes  have  sometimes  been  made  one  liui>- 
dred    feet  or  upwards  in  length  ;  and  as  they  were  used   for 
astronomical  purposes,  or  mostly  in  the  night  time,  they  wer«i 
frequently  used  ft'ithout  a  tube;  viz.  the  object  lens  was  fixed' 
on  the  top  of  a  pole,  in  a  frame  capable  of  being  moved  by  &• 
cord  or  wire  in  any  required  direction,  and  the  eye-glass,  fixed' 
in  a  short  tube,  was  held  in  the  hand,  or  fitted  to  another  fraiufl 
about  the  height  of  the  observer,  so  as  to  be  susceptible  of  « 
simiiUiineous  movement.     A  telescope  of  this  description  was 
called  an  atrial  leleacope.     Its  use  is  evidently  incommodi 
but  such  was  the  incredible  pains  taken  by  philoeopliei 
exploring  the  wonders  which  even  the  imperfect  telescopes  s 
first  constructed  promised  to  lay  open,  that  with  such  an  it;  _ 
struiuent  the  five  satellites  of  Saturn,  and  many  other  reniarkn 
able  objects,  were  discovered. 

The  leiiglh  of  common  refracting  telescopes  must  be  increasri 
ed  in  no  less  a  proportion  than  the  square  of  the  increase  o/' 
their  KLagnifying  powerj  so  that  in  order  to  magnify  twice  asi 
ninth  us  before,  with  the  same  light  and  distinctness,  the  tel&.) 
gthened  four  tiiues,  and  to  magnify  threv 
e  times.     On  this  account,  tlieir  unwit-ldy 


jih,  wh. 


u  great  powers  are  desired, 


riie  breadth  of  an  object-glass  adds  nolhing  to  the  m^nifyr 
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ing  power ;  for  whatevet  it  may  be,  the  image  will  be  equally 
formed  at  the  distance  of  its,  focal  length ;  but  the  brilliancy  of 
the  image  will  be  increased  by  the  breadth,  as  a  greater  nam« 
ber  of  rays  will  then  diverge  from  every  point  of  the  image. 

The  magnifying  power,  and  the  field  of  view,  in  this  tele- 
scope, may  be  increased  by  using  two  plano-convex  lenses, 
combined  so  as  as  to  act  like  one^lass,  and  such  a  combina- 
.  tion  is  now  generally  employed.  The  disproportion  above  al- 
luded to,  which  may  subsist  between  an  object-glass  and  an 
eye-glass,  arises  from  this  circumstance,  that  a  lens  does  not 
converge  the  rays  of  the  same  radiant  point,  exactly  to  the  same 
refracted  focus,  and  the  indistinctness,  which  is  thus  occasioned 
in  the  ima^e,  increases  with  the  thickness  of  the  lens  and  the 
increase  of  its  curvature.  Hence  arises  the  limitation  to  the 
use  of  highly  magnifying  eye-glasses.  The  field  of  view  is  en- 
larged by  enlarging  the  eye-glass  :  but  if  a  lens  of  very  short 
focus  were  made  large,  the  irregularity  of  its  refraction  would 
throw  the  view  into  confusion ;  if  it  were  made  sufficiently 
small  to  prevent  this,  it  would  be  equally  useless  from  its  con- 
tracted field  of  view,  and  the  want  of  light.  But  if  two  plano- 
convex lenses  be  used,  the  curvature  of  both  conjointly  will 
be  less  than  the  curvature  of  a  single  lens  of  equal  magnifying 
power;  such  a  combination  therefore  will  improve  the  eye-glass, 
of  a  telescope,  because  the  aberration  of  the  rays  passing 
through  it  will  be  less  than  through  a  single  lens  of  the  same 
focus.  Let  IK,  fig.  8,  plate  V,  be  a  plano-convex  lens,  of  which 
the  focus  is  at  F,  so  that  an  object  placed  at  F  would  be  seen 
magnified  through  it.  If  another  lens  LM  be  placed  between 
the  first  lens  and  its  focus,  the  focus  of  the  rays  passing  through 
both  will  be  shortened,  and  will  fall  at  about  the  distance^,  so 
that,  when  thus  combined,  they  will  act  like  a  single  lens  of 
much  greater  curvature. 

The  Night  Glass. 

The  telescope  called  a  night-glass  is  nothing  more  than  the 
common  astronomical  telescope,  with  tubes,  and  made  of  a 
short  length,  with  a  small  magnifying  power.  Its  length  is 
usually  about  two  feet,  and  it  is  generally  made  to  magnify 
from  six  to  ten  times.  It  is  much  used  by  navigators  at  nighty 
for  the  purpose  of  discovering  objects  that  are  not  very  dis-^ 
tant,  but  which  cannot  otherwise  be  seen  for  want  of  sufficient 
light,  such  as  vessels,  coasts,  rocks,  &c.  From  the  smallness 
of  its  magnifying  power,  and  the  obscurity  of  the  objects  upon 
which  it  is  employed,  it  admits  of  large  glasses  being  used, 
and  consequently  has  an  extensive  and  well-enlightened  field 
of  view. 


The  Terrestrial  Telescope,  or  Perspective  Glass. 

The  astronomical  telescope,  by  the  use  of  two  additional 
eye-glassesj,  shews  objects  in  their  rigiit  position,  and  becomes 
a  terrestrial  telescope,  that  is,  adapted  for  looking  at  objects 
on  the  earth. — It  is  still  more  frequently  called,  a  perspective 
glass.  This  telescope  is  shewn  by  hg.  5,  plate  VI.  The  rays 
of  each  pencil  coming  from  the  image  LM  of  the  object  IK, 
emerge  parallel  from  the  lens  AB,  and  having  crossed  at  its 
focus,  O,  they  continue  in  that  direction  to  the  lens  EF,  in 
consefiuence  of  which  they  form  an  image  ST  at  the  focus  of 
the  second  lens,  and  again  diverging,  they  fall  upon  the  third 
lens,  CD,  in  the  same  manner  as  they  did  upon  the  lens  AB; 
therefore,  after  theiremergence  from  this  last  lens,  they  fall 
parallel  upon  the  eye  at  G.  But  as  the  last  image  ST,  is  not 
inverted  as  at  LM,  bitt  in  the  same  position  as  the  object  IK. 
the  eye  sees  a  true  or  upright  picture,  as  if  the  rays  had  come 
directly  from  the  object. 

The  last  lens,  or  the  one  nearest  to  the  eye,  in  this  telescope, 

is  mostly  now  made  double,  that  is,  two  plano-convex  lenses  are 

substituted  for  the  double  convex  one,  for  the  purpose  ofenlnrg- 

ing  the  field  of  ?iew,  as  pointed  out  for  the  eyc-uiece  of  the  at- 

[Ifonomical  telescope.     By  this  means  all  the  best  terrestrial 

telescopes  contain  four  lenses  in  the  tube  next  the  eye. 

The  Galilean  Telescope. 

'  A  report  having  reached  the  illustrious  Galileo,  that  an  op- 

pcal  instrument  had  been  constructed,  by  means  of  which  dis- 

^KDt  objects  appeared  as  if  they  were  near;  that  philosopher, 

fercibly  struck   with   the  advunUige  which  migljt  be   derived 

the  conlriviuice,  instaiuly  directed  his  attention  to  the 

'try  of  its  nature.     The  night  after  he  heard  the  account, 

I  the  construction  of  such  an  instrument  occurred  to  him ;  the 

day  following  he  put  the  several  narts  of  it  together,  and  t^te 

telescope  uhich  he  thus  invented  is  tttill  culled  by  hia  naine. 

With  thut  noble  frankness  fur  whtcJi  he  was  remarkable,  und  ' 

which  ought  always  to  distinguish   the  true  philosoplier  from 

I  the   empiric,   he  loilliwith  e-tpUined  publicly   the  sttuvturu  ■ 

Lutd  wonderful  uses  that  might  be  made  of  the  instrument; 

gpi  shortly  afterwards,  as  an  acknowledgment  of  his  nu-rit, 

|Qie  Hepublic  of  Venice  more  than  tripled  the  salary  of  his  pru- 

rship. 

.Galileo's  telescope  consists  of  a  convex  object-glass,  and  a 
Mncave  eye-glass,  as  represented  by  fig.  6,  pi.  VI.  The  dis- 
'  ince  between  the  two  lenses  is  less  thuii  the  focftl  distmice  »( 
;  object -glats)  tint  the  concave  glass  is  siluat«d  su  as  lo 
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make  the  rdys  of  each  pencil  fall  parallel  upon  the  eye,  as  is 
evident  by  conceiving  the  rays  to  go  back  again  through  the 
«eye-glass,  towards  O ;  EO  being  tne  focal  length  of  the  eye- 
glass. 

When  the  sphere  of  concavity  in  the  eye-glass  of  a  Galilean 
telescope  is  equal  to  the  sphere  of  convexity  in  the  eye-glas* 
of  another  telescope,  their  magnifying  power  is  the  same ;  but 
the  concave  glass  being  placed  between  the  object-^Iass  and 
its  focus,  the  Galilean  telescope  will  be  shorter  than  tne  or  her, 
by  twice  the  focal  length  of  the  eye-glass.  Hence,  if  the 
lengths  of  the  telescopes  be  the  Bume,  the  Galilean  will  h.ive 
the  greatest  magnifying  power. 

The  field  of  ;New,  or  quantity  of  objects  taken  in  by  the  Guli- 
Ican  telescope, does  not  depe)fid,as  in  thos^witli  convex  glasses, 
spon  thcsize  of  the  eye-glass,  but  upon  the  breudth  of  the  pupil 
of* the  ey6;  because  tne  lateral  pencils  of  rays  diverge  from  the 
axis  of  the  eye-glass  at  their  emergence  from  it.  Upon  this  ac- 
count, the  eye  should  be  placed  as  near  to  the  eye-glass  as  pos- 
sible, in  orderthat  it  may  receive  the  greatest  number  of  pencils. 
Yet  no  neiimess  of  the  eye  will  wholly  prevent  the  field  of  view 
from  being  more  confined  than  with  convex  eye-glasses  of 
equal  curvature;  but  this  disadvantage  is  counterbalanced  bj 
the  valuable  property  of  superior  distinctness.  * 

The  Achromatic  and  Aplanatic  Object-glasses, 

The  ordinary  telescopes  which  we  have  hitherto  described, 
will  only  bear  a  small  aperture,  without  exhibiting  circidarpris 
matic  rings  of  colours,  which  are  subversive  of  their  utility 
Two  causes  contribute  to  this  effect,  1,  Spherical  surfaces  do 
not  refract  the  rays  of  light  accurately  to  a  point;  and  2,  The 
rays  of  compounded  light,  being  differently  refrangible,  come 
to  their  respective  foci  at  different  distances  from  the  glass,  the 
more  refrangible  rays  converging,  of  course,  sooner  than  the 
less  refrangible.  This  may  be  proved  by  an  easy  experiment; 
for  if  the  image  of  a  paper  painted  entirely  red,  and  properly 
illuminated,  be  cast  by  means  of  a  lens  upon  a  screen,  it  will 
be  formed  at  a  greater  distance  than  the  image  of  a  blue  paper 
cast  by  the  same  lens.  Hence  the  image  of  a  white  object  is 
composed  of  an  indefinite  number  of  coloured  images,  the 
violet  being  nearest,  and  the  red  furthest  from  the  lens,  and  the 
images  of  intermediate  colours  at  intermediate  distances.  The 
whole  image  is  therefore  in  some  degree  confused,  though  its 
extremities  are  most  perceptibly  so;  and  this  confusion  being 
very  much  increased,  not  only  by  the  magnifying  power  oT 
the  eye-glass,  but  also  by  the  dispersive  power  which  it  has  in 
common  with  the  object-glass,  the  necessity  for  that  limitation 


4wmeter  of  Mercui^  varies  wUh  bis  position  ;  it  is  least  when 

— Af)  [>Unet  plunges  into  the  eolar  rays  in  the  iuoniii)>;,  or  nhea 

tduengages  it^df  from  them ;  it  is  greatest  when  the  planet 

dtogen  iutu  the  solar  raya  in  the  evcniiiji,  or  when  it  ilisen- 

Igen  itself  from  them  in  the  Lveiung ;  that  ia,  when  tlie  planK 

tKses  tha  aau  iu  its  retroKrode  siottun,  it*  diameter  aiipears 

:  grciLlcst  possible;  aiiu  when  it  passes  the  sua  intu  its 

Itect  motion,  it  ia  the  tuiallest  possiltte.     Sooielitiics,  when 

!  planet  diaappean  duiing  its  retrograde  motion,  timt  is, 

tea  it  pluuges  into  the  6tui  s  rays  in  the  evening,  it  may  be 

in  cros&ing  the  Bun.inarlght  line,  und'T  (he  form  of  a  black 

■ot.     This  ulack  «pOt  is  recognized  to  be  the  planet,  by  its 

itition,  its  apparent  dtameter,  and  Us   retrogiudu   motion. 

lese  tranaita,  as  tliey  are  termed,  are  mJnialure  eclipses; 

ley  demoDstrale  that  the  pUnet  h  itself  in  opacjue  body,  and 

bines  only  by  the  light  it  Dorrows  front  the  una.     A  transit 

r.  Mercury  uoea  not  occur  at  every  une  of  his   rerolulion^i. 

jBcause  his  orbit  is  inclined  to  the  ecliptic,  and  coincides  with 

^oiily  at  the  two  nodes;  lieuce  the  planet  cannot  be  »en  to 

iver  tlie  disc  of  the  sun,  unless  its  nodes  are  in  or  lery 

r  tlie  line  which  joins  the  sun  and  the  earth.     Transits  of 

ilerouryoreesuectea  in  the  ywira  !<J15. 1822, 1S33. 1835,  W45, 

pi  1848, 

L  Mercury  moves  in  his  orbit  about  1 10,000  miles  i»er  hour ; 
Bun  to  him  appears  three  times  as  large  as  to  us,  and  affords 
I,  at  a  medium,  set  en  times  the  heat  felt  at  our  torrid  zone, 
encv  it  appears  that  if  the  materials  of  which  the  planet  is 
ttuposed  were  us  gusc^ntible  of  being  heated  as  thu»e  of  our 
_irth,  they  would  be  eituer  melted  or  vitrified,  and  the  planet 
wiiuld  have  acquired  itucb  a  brightness,  as  to  prevent  its  np- 
pcTtring  like  a  black  spot  at  its  transit.  Why  the.n  may  we  not 
suppose  that  bo  hu  inhabitants  as  difiercnt  from  us  as  his 
Biter?    . 

»>/,«,.  « 
(^  Venus  is  the  most  beautiful  star  of  the  heavens.  She  is  called 
e  Morning  or  Evening  Star,  according  as  she  precedes  or 
idloua  the  apjtarent  course  of  the  Hun,  and  retains  each  title 
bout  290  days.  Uer  light  is  reraarkuble  for  its  brightness  and 
vbiteness,  casting  a  sensible  shadow,  ami  so  vivid,  at  hef 

§reat(^»t  elongations,  that  shu  is  visible  to  the  naktd  eye  m  full 
ay-light ;  and  the  light  of  the  monn  h  frct^uenlly  observed  to 
be  comparatively  dull.  She  is  the  second  planet  from  tht 
Bun,  Tciund  whicu  alio  pcifonns  her  annual  revolution,  at  lh« 
medioni  distance  of  68,000,000  of  miles,  in 224  days,  16  hours, 
41  minutes,  '27  aecond*.    The  time  of  Jier  diumu  revolutioDi 
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which  has  be«ii  already  intimated,  for  a  certain  moderate  pro- 
portion between  the  object  and  eye-glass,  becomes  indispeo- 
6able,  Under  these  circumstances,  to  increase  the  lengtn  of 
rerracting  telescopee,  seemed  to  constitute  the  only  means 
of  obtaining  great  magnifying  powers  ;  and  though  a  method 
of  converging  to  the  same  ))oirit  ull  tlie  rays-of  light  which  Ib 
composed,  still  remained  an  tjbjerl  of  speculation,  the  attain- 
ment of  it  seemed,  in  the  days  ofNettton,  to  be  attended  with 
insuperable  difGcutties.  Bui  however  great  they  were,  they 
have  been  nearly  overcome,  and  the  signal  merit  of  this  success 
is  due  to  our  countryman  John  Dollond.  Bv  making  a  com- 
pound lena  ofthreediflerentsubstances.of  different  refrangible 
powers,  the  rays  of  light,  which  were  too  much  dispersed 
by  one  convex  lens,  are  brought  nearer  to  a  union  with 
eat'h  other;  the  telescopes  made  w'ilh  an  object-glass  of 
this  kind  ore  now  commonly  used,  and  are  distinguished 
by  the  name  of  acAiomalic  telescopes,  a  prefix  which  siguifiea 

The  object-glaKses  of  Dollond's  telescopes  are  composed  of 
three  distinct  Tenses,  two  of  which  are  convex  and  the  other 
coneave.  The  concave  one  is,  by  British  Artists,  placed  in  the 
middle,  &i  represented  in  fig.  I,  pi.  VII,  where  a  and  c  shew 
the  two  convex  lenses,  and  l>  b  the  concave  one.  The  two 
conrex  oiien  are  made  of  London  crown  glass,  and  the  middle 
©Me  of  white  flint-glass,  and  they  are  all  ground  to  spheres  of 
different  radii,  according  to  the  refractive  powers  of  the  differ- 
ent kinds  of  glass,  and  the  intended  focal  distance  of  the 
dbjecl-giesB  of  the  telescope.  According  to  Boscovich,  the 
focal  distance  of  the  parallel  rays  for  the  concave  glass  is  one- 
half,  und  for  the  convex  glass  one-third  of  the  combined  focus. 
When  put  together,  they  refract  the  rays  in  the  following 
munner  :  Let  ab.ab.  fig.  2,  pi.  VII,  be  two  red  rays  of  the 
«un's  light  falling  parallel  on  the  first  convex  lens  f .  Suppos- 
ing there  was  no  other  lens  present  but  one,  they  would  then 
be  converged  into  the  lineage,  be,  and  at  last  meet  in  the 
focus  y.  Let  the  lines  gh,  g  h,  represent  two  violet  rays 
falling  on  the  surface  of  the  lens.  These  are  also  refracted, 
and  will  meet  in  a  focus  ;  but  as  they  have  a  greater  degree  of 
refrangibility  than  the  red  rays,  they  must  of  cousequence  con- 
Terge  more  by  the  same  power  of  refraclibn  in  the  glass,  and 
meet  sooner  in  a  focus,  suppose  at  r. — Let  now  the  concave 
lens,  dd,  be  placed  in  such  a  manner  as  to  intercept  all  tJje 
rays  before  ttiey  come  to  their  focus.  If  this  lens  was  made  of 
the  same  materials,  and  ground  to  the  same  radius  as  the  con- 
Tex  one,  it  would  have  tne  same  power  to  cause  the  rays  to 
diverge,  that  the  former  had  to  make  thetn  converge.     Id  ihiB 
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case^  the  red  rays  would  become  parallel,  and  move  on  in  the 
lines 0  0,  oo:  but  the  concave  lens  being  made  of  flint-glass, 
and  upon  a  shorter  radius,  has  a  greater  refractive  power,  and 
therefore  they  diverge  a  little  after  they  come  out  of  it;  and 
if  no  third  lens  was  interposed,  they  would  proceed  diverging 
in  the  line^optyOpt ;  but,  by  the  interposition  of  the  tbira 
lens  ovo,  they  are  again  made  to  converge,  ana  meet  in  a  focus 
somewhat  more  distant  than  the  former,  as  atx.  By  the  con- 
cave lens,  the  violet  rays  are  also  refracted,  and  made  to  diverge; 
but  having  a  greater  degree  of.refrangibility,  the  same  power  of 
refraction  makes  them  diverge  somewhat  more  than  the  red 
ones  ;  and  thus,  if  no  third  lens  was  interposed,  they  would 
proceed  iu  such  lines  as  /  m  n,  Imn,  Now  as  the  differently 
coloured  rays  fall  upon  the  third  lens  with  different  degrees  of 
divergence,  it  is  plain,  that  the  same  power  of  refraction  in 
that  lens  will  operate  upon  them  in  sucn  a  manner  as  to  bring 
them  all  together  to  a  focus  very  nearly  at  the  same  point.  The 
red  rays,  it  is  true,  require  the  greatest  power  of  refraction  to 
bring  them  to  a  focus,  but  they  fall  upon  the  lens  with  the 
least  degree  of  divergence.  The  violet  rays,  though  they 
require  the  least  power  of  refraction,  yet  have  the  greatest 
degree  of  divergence,  and  thus  all  meet  together  at  the  point  x, 
or  very  nearly  so. 

The  achromatic  effect  may  be  produced  by  the  union  of  one 
convex  and  one  concave  lens,  but  not  so  perfectly  as  with 
three  lenses. 

To  proportion  accurately  the  densities  of  the  glasses  to 
each  other,  requires  much  professional  practice  and  attention. 
Experiments  with  the  lenses  after  they  are  perfectly  finished 
can  alone  be  depended  on.  The  essential  parts  of  telescopes 
being  few  and  cheap,  the  manufacture  of  them  is  frequently 
attempted  by  individuals  for  the  purpose  of  amusement;  and 
in  every  kind  of  telescope,  but  the  achromatic,  they  ha\'e,  with 
a  due  degree  of  perseverance,  a  fair  hope  of  success.  But  in 
attempting  to  form  an  achron^atic  object-glass,  however  well 
they  may  think  tliey  have  selected  their  glass,  and  propor- 
tioned the  curvatures  of  the  surfaces,  they  will  be  almost  cer- 
tain to  find  that  a  single  set  of  lenses,  when  combined,  produce 
an  effect  that  disappoints  their  expectations.  To  succeed 
perfectly,  they  must  therefore  make,  from  different  parcels  of 
glass,  a  considerable  number  of  lenses,  with  slight  diiferences 
of  curvature,  and  those  must  be  selected  which  will  bear  the 
largest  aperture  and  magnifying  power.  But  this  would  render 
the  undertaking,  for  the  sake  of  one  or  two  instruments,  an 
E[erculean  labour,  which  would  not  bring  to  any  private  indv- 
,^idual  an  adequate  recompense,  and  which,  from  the  nU(Kibtr 
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of  imperfect  telescopes  wbich  are  manufactured  by  those  ia, 
the  most  extensive  line  of  busiaess,  it  would  appear  that 
opticians  themselves  do  not  fully  enter  into  the  spirit  of.  It 
has  been  very  generally  said  and  believed,  that  Dollond  made 
hie  original  experiments,  and  constructed  those  excellent 
three-foot  glasses,  (which  at  present  bear  so  high  a  price,  and  , 
are  considered  as  inimitable,)  with  one  single  parcel  of  glass,!' 
which  accidentally  proved  superior  to  any  triat  has  since  been; 
produced. — Nicholson  has  rendered  it  extremely  probable, 
that  this  is  a  vulgar  error  ;  the  proprietor  of  the  glass-house  ■ 
having  assured  him,  that  the  original  receipts  and  practice  are ' 
still  followed  in  the  making  of  optical  glass :  that  tne  principal . 
opticians  always  complain  of  the  bad  quality  of  the  glass,' 
but  never  fail  to  take  the  whole  quantity  Ire  makes  at  their., 
request ;  and  that,  when  they  renew  their  orders,  they  always 
desire  it  may  be  exactly  the  same  as  the  last.  It  seems  there- 
fore reasonable  to  conclude,  that  though  different  parcels  of 
glass  made  according  to  the  same  formula,  may  difler  a  little, 
yet  that  as  good  glass  for  optical  uses  may  be  obtained  now„ 
as  formerly,  and  consequently  as  good  telescopes,  if  the  sanj" 
great  skill  and  disregard  of  expense  which  Dollond  evinced,  i 
adapting  the  curvatures  of  his  lenses  to  each  other  and  to  t' 
glairs,  were  again  brought  into  action. 

The  impossibility  of  obtaining  perfectly  homogeneous  glas8,i 
and  the  consequent  failure  of  producing  that  complete  correcc. 
tion  of  the  aberration  of  the  rays  of  I'ght  in  the  telescopes 
called  achromatic,  induced  Dr.  Robert  Blair  to  try  the  effects 
of  Buid  mediums  ;  and  his  success  was  such  as  to  induce  him 
to  give  the  term  aplanalic,  or,  "  free  from  error,"  to  the  object- 
glasses  he  thus  constructed.  He  made  a  compouud  lens,  con- 
sisting of  a  plano-convex  of  crown-glaiis,  with  its  flat  side 
towards  the  object,  and  a  meniscus  of  the  same  materials, 
with  its  convex  side  in  the  same  direction,  and  its  flatter  coii> 
cave  next  the  eye,  and  the  interval  between  these  lenses  be 
filled  with  a  solution  of  antimony  in  a  certain  proportion  of 
muriatic  acid.  The  lena  thus  constructed,  did  not  exhibit  the 
slightest  vestige  of  any  extraneous  colour;  still,  the  invention, 
after  a  lapse  of  more  than  twenty  years,  has  not  come  into 
general  use,  probably  from  the  difficultyof  preserving  any  fluid 
from  growing  turbid  in  the  course  of  tune. 

The  Rejecting  Telescope. 

Mathematicians  had  demonstrated,  that  a  pencil  of  rays,  ] 
could  not  be  collected  in  a  single  point  by  a  spherical  teas  ^  add;  ] 
also  that  the  image  transmitted  by  such  a  lena,  would  be  iot  ■ 
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some  degree  immrrated.  Gregory,  a  young  man  of  great  abili* 
ties,  was  induced  to  believe  that  these  inconveniences,  and 
also  the  great  length  of  refracting  telescopes,  would  be  obviated 
by  substituting  ror  the  object-glass  of  tne  common  telescope^ 
a  metallic  speculum,  of  a  parabolic  figure,  to  receive  the  imager 
and  to  reflect  it  towards  a  small  speculum  of  the  same  metaL 
This  again  was  to  return  the  ima^e  to  an  eye-glass  placed 
behind  the  great  speculum,  which  tor  that  purpose  was  to  be 
perforated  in  its  centre.  These  ideas  were  published  by 
Gregory  in  1663,  but  as  he  possessed  no  mechanical  dexterity 
himself,  and  could  find  no  workman  capable  of  realizing  his 
invention,  it  might  have  sunk  into  oblivion,  had  not  Sir  Isaac 
Newton,  in  the  course  of  his  discoveries,  found  that  the  errors 
arising  from  the  different  refrangibility  of  lights  were  incom- 
parebly  greater  than  those  arising  from  reflection,  and  being 
himself  as  remarkable  for  manual  skill,  as  geometrical  know- 
ledge, he  was  independent  of  others  for  the  execution  of  his 
design.  He  therefore  determined  to  try  what  could  be  done, 
and  executed  two  reflecting  telescopes,  in  1672,  on  a  plan 
somewhat  different  to  what  Gregory  had  pro]>osed.  Although 
a  good  metal  for  the  speculum  was  not  then  known,  although 
he  had  to  contrive  for  himself  the  method  of  polishing  it,  and 
although  his  telescopes  \\>ere  but  six  inches  long,  yet  in  power, 
they  were  comparable  to  a  six-feet  refractor,  and  were  capable 
of  shewing  Jupiter*s  satellites. 

Oye  great  advantage  of  the  reflecting  telescope  is,  that  it  will 
admit  of  an  eyeglass  of  a  much  shorter  focal  distance  than  a 
refracting  telescope  of  the  same  length,  consequently  it  will 
magnify  so  much  the  more.  This  advantage  arises  principally 
from  the  rays  of  light  not  being  dispersed  bv  reflection  as  they 
are  by  refraction,  and  partly  from  tne  practicability  of  givin? 
the  large  reflectors  a  form  either  parabolical,  or  at  least  such 
as  answers  better  than  the  spherical  figure. 

Gregorian  Telescope. 

This  construction  of  the  refle  ng  telescope,  which  is  more 
common  than  any  other,  is  lepresented  by  fig.  3,  pi.  VII.  At 
the  bottom  of  the  tube  ABCD,  is  placed  the  large  concave 
reflector  k  I,  with  a  circular  hole  through  the  middle  of  it  in  the 
direction  of  its  axis.  Within  the  tube  of  the  telescope,  and 
directly  facing  the  perforation,  is  placed  the  small  concave 
speculum,  g  h,  supported  by  the  arm  /.  Two  lenses,  1 1  and 
qq^  are  contained  in  the  eye-tube  LMNO,  and  the  observer 
applies  his  eye  to  a  small  hole  at /',in  order  to  view  the  magni- 
fied image  of  the  distant  object  YZ.     The  large  reflector  k  I, 
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receives  the  raya  from  the  distant  object,  and  reflects  tliem  to 
its  focus,  where  they  form  an  inverted  image,  EF,  in  the  man- 
ner already  mentioned  as  one  of  the  peculiar  properties  of  a. 
concave  mirror.  Diverging  from  the  points  ol  union,  the 
pencils  of  rays  proceed  onwards,  and  cross  each  other  a  little 
before  they  reach  the  small  mirror  g  h,  the  focus  of  which 
is  at  n,  .or  a  little  further  from  the  large  speculum  than  ita 
principal  focus.  From  the  small  mirror,  the  rays  are  re- 
flected somewhat  conrergently,  and  in  that  state  are  received 
before  they  meet  by  a  plano-convex  lens  (  (.  By  the  action 
of  this  glass,  their  convergency  is  increased,  and  they  foim 
a  second  image,  a  b,  which  is  erect  like  the  object.  This 
second  image  is  magnified  by  the  lens  q  q,  through  which 
the  rays  of  each  pencil  pass  nearly  in  a  parallel  direction 
to  the  eye;  to  exclude  all  extraneous  light,  the  eye  is  ap- 
plied to  a  very  small  hole,  and  sees  the  image  under  the  angle 
efd. 

If  the  letis  ft, were  removed, the  image  would  be  formed  some- 
what larger  at  r,  but  the  area  nr  field  of  view  would  be  smaller 
and  less  pleasant;  for  which  reason  it  is  not  usual  to  omit  the 
second  lens.  Sometimes  the  lens  q  q,  is  made  double,  for  the 
reason  assigned,  in  p.  486,  in  illustrating  fig.  8,  pi.  V. 

In  this  and  other  reflecting  telescopes,  containing  two  curv«d 
reflectors,  it  is  necessary  to  nave  the  power  of  altering  the  dis- 
tance between  the  two  mirrors.  This  is  usually  done  by  a  wire, 
e  3,  passing  along  the  outside  of  the  tube,  and  with  a  screw  at 
the  end  of  it,  which  works  in  an  external  projection  tc,  of  the 
arm  i,  within  the  tube.  The  other  end  of  the  wire  passes 
through  a  small  stud  affixed  to  the  tube  of  the  telescope  at  m ; 
and  the  observer,  while  loolting  tlirough  the  hole  at/,  tonis 
the  milled  head  p.  of  the  wire,  which  in  very  near  nim.  and 
thus  regulates  the  distance  of  the  small  speculum  as  he  finds 
requisite. 

Neuitoman  Tekfcftpe. 

A  section  of  this  telescope,  is  shetro  by  fig-  4.  pi.  All. 
ABCD  is  the  tube,  which  is  open  at  the  end  AB,  opposite  the 
large  speculom,  »  o.  The  large  concave  speculum,  ti  o,  U  tlot 
perforated  as  in  tiie  last-mentioned  iDstroment,  but  the  small 
speculum,  q,  is  set  aslant,  so  as  to  direct  the  rays  received  from 
the  large  epecnUim  through  an  aperture.^,  at  the  side  of  ihe 
tube,  wliere  they  are  received  and  refracleoto  tlie  eye  by  a  lens 
or  lenses  in  a  tube  k.  The  speculum  q,  is  suspended  witbintbe 
tube,  by  an  arm,  p,  with  its  centre  opposite  the  ceutre  of  the 
specnluRi  N  o;  it  is  not  curved,  hut  plane,  and  has  therefore  n& 
other  effect  than  that  of  changing  the  direction  of  the  riiys. 
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Without  the  small  reflector,  the  rays  from  the  large  speculum 
would  be  cohyereed  at  R,  and  the  observer  might  nave  an  eye- 
glass placed  to  view  the  image  formed  there,  with  his  face  to- 
wards the  speculum  no;  but  in  this  case  his  head  would 
intercept  the  greatest  part  of  the  rays,  unless  the  instrument 
.  was  very  large, 

The  Newtonian  telescope,  as  first  described,  is  \(ery  con- 
venient for  viewing  objects  in  the  zenith ;  as  they  may  be  seen 
while  the  observer  retains  his  ordinary  position  of  looking 
forward  horizontally. 

HericheVs  Telescope, 

The  best  and  most  powerful  telescopes  ever  constructed, 
have  been  made  by  Dr.  Herschel,who  is  so  well  known  by  his 
labours,  as  one  of  the  most  eminent  astronomers  of  the  present 
day.  The  astronomers  of  the  Continent  have  adopted  a  phra- 
seology, which  contains  a  very  extraordinary  acknowledgment 
;of  the  value  ofiiis  telescopes;  when  they  wish  to  convey  the 
highest  possible  idea  of  the  excellence  of  a  telescope,  they 
assert  that  it  is  eaual  to  one  of  Herschel's. 

I'he  largest,  reflecting  telescope  now  existing  was  made  by 
Dr.  Herftchel.  It  is  forty  feet  in  length,  and  the  polished  sur- 
face of  the  large  speculum  is  four  feet  in  diameter.  It  has  no 
second  reflector,  a  circumstance  that  adds  much  to  the  bright- 
ness of  the  objects  viewed  in  it.  The  observer,  who  looks 
through  an  eye-glass,  as  in  other  telescopes,  has  of  course  his 
back  to  the  objects;  but  it  is  so  contrived  that  little  or  no  light 
is  intercepted  by  this  means.  We  may  use  the  diagram  of  the 
Newtonian  telescope,  fig.  4,  pi.  VII,  to  illustrate  the  position 
of  the  observer  more  particularly.  Supposing  the  speculum  ^, 
and  its  support  to  be  removed,  the  rays  n  o,  as  before  observea, 
would  be  converged  to  R ;  but  if  the  observer  were  placed 
there,  he  would  intercept  a  large  portion  of  the  light,  even  when 
facing  this  gigantic  telescope  ;  suppose  then  the  upper  part ;?, 
of  the  speculum,  to  incline  downwards,  that  is,  to  be  set  at  an 
angle  to  the  axis  of  the  tube,  the  rays  may  be  directed  to  S,  or 
any  other  point  nearer  the  tube,  where  the  spectator  may  be 
placed,  and  will  occasion  no  sensible  dimness  of  the  image 
thrown  by  a  large  mirror.  In  Herschers  forty-feet  telescope, 
the  converging  rays  reflected  by  the  mirror,  pass  the  extremity ' 
c£  the  tube  at  the  distance  of  four  inches,  and  come  into  the 
air ;  so  that  the  observer  scarcely  at  all  interferes  with  the  inci- 
dent light,  as  the  diameter  of  the  tube  exceeds  that  of  the 
mirror  about  ten  inches.  It  will  bear  a  magnifying  power  oi 
MUL  thousand  times  the  diameter  of  an  object. 


Cassegraitiiun  Telescope. 

This  telescope  differs  from  those  of  the  Gregorian  and  New-', 
toniaa  construction,  in  having  tile  small  reflector  con  vex  instea4,< 
of  concave  ;  in  consequence  of  which  the  small  reflector  must 
be  placed  nearer  to  the  large  refleclor  than  the  focus  of  the  lat- 
ter. It  shews  objects  inverted,  because  the  rays  do  not  croa^ 
and  no  image  is  formed  between  the  two  reflectors  ;  but  with., 
the  same  magnifying  power,  it  is  shorter  than  the  Gregorian, , 
by  twice  the  focal  length  of  the  small  mirror.  '  . 

Oj't/te  Mip^iifying  Power  of  Telescopes. 

The  magnifying  power  of  a  telescope  is  constituted  by  the 
difi'erence  in  size  between  the  object  viewed  by  the  naked  eye, 
and  the  ima^e  seen  in  the  tield  of  view  of  the  instrument ;  and 
this  difference  may  be  expressed  in  tJiree  ditFerent  ways:  1,  w6 
express  the  effect  of  the  telescope  on  the  apparent  incieaee  of 
ihediamder  of  objects;  2,  oa  the  super/tciet ;  and  3,  on  the  so/i- 
ditj/  or  ctifte  of  the  objects.  But  it  has  been  generally  agreed 
to  express  the  magnifying  power  of  telescopes  by  the  eflViX 
they  produce  on  the  diameter  only  of  objects;  this  mode  of 
expression  conveys  clearer  ideas  of  the  power  of  the  instru- 
ment than  any  other,  and  is  always  understood  to  be  meant 
when  the  contrary  is  not  expressed.  Hence,  if  a  tEiescope 
shews  an  object,  at  tlie  distance  of  100  yards,  as  large  as  that, 
object  would  appear  to  the  naked  eye  at  the  distance  of  one 
yard,  it  is  understood  to  magnify  one  hundred  times. 

The  magnifying  power  of  the  astronomical  telescope,  or  thp 
night-glass,  is  as  the  focal  distance  of  the  eye-glass  to  the  focal 
distance  of  the  objeot^glass ;  therefore,  if  the  latter  be  dividedby 
the  former,  the  quotient  will  express  the  magnifying  power.  Tha. 
power  of  the  perapectivf^lass  may  be  estimated  in  the  aame 
way;  for  the  two  additional  eye-glasses  are  not  employed  to 
changeihemagnifyingpower.beingequaliQfocaldistance  to  the 
third,  but  only  to  produce  tha  erect  position  of  objects;  by 
dividing  the  focal  distance  of  one  eye-glass  by  the  focal  distance 
of  the  object-glass,  the  true  power  is  therefore  obtained. 

In  the  Galilean  telescope,  the  virtual  focus  nf  the  concave 
or  eye-glass,  must  be  divided  by  the  real  focus  of  the  object- 
glass. 

To  find  the  magnifying  power  of  the  Gregorian  telescope, 
multiply  the  focal  distance  of  the  great  mirror  by  the  diatanOe 
of  the  small  mirror  from  the  image  next  the  eye  ;  and  multiply 
the  focal  distance  of  the  small  mirror  by  the  focal  distance  of 
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slips  of  braM  to  tlide  along  parallel  to  th^  tube,  and  be  con- 
ilacted  tfiraugh  a  slit  in  a  brass  eap^  which  will  lead  then 
iicross  the  aperture  in  a,  radialdirection.'* 

To  stop  tl|e  waadering  ravs  which  wiould  teiKi  to  confuse 
the. image  of  a  telescope,  a  plate  of  metal,  ^bich  has  a  smaU 

Jound  holdifx  the  middle  of  it,  is  placed  in  the  tube  containing 
be  eye-glasses^ parallel  with  t)) 6m*  It  is  called  the  diaphragm, 
and  is  genesally  fisted  within  the  telescope,  at  the  focal  dis- 
tance of  the  glass  iiearest  the  eye.  By  this  means,  the  field 
of  view  is  lessened,,  but  the  advantage  of  gteater  distinctness 
is  obtained* 

To  ascertain  the  goodness  of  objeet-gi asses,  the  best  expe- 
dient is,  to  place  «them  successively  in  a  tube,  and  examine 
some  distant  object  with  different  eye-glassesi;  that  glass  which 
represents  objilots  the  brightest  and  most  distinct,  and  which 
bears  the  greatest  aperture  with  the  shortest  eye-glass,  withoat 
colouring,  is  the  best. 

In  double  convex  lenses,  the  most  perfect  is  that  whose  radius 
of  curvature  of  the  first  surface,  is  to  that  of  the  second  as  one  to 
six ;  its  aberration  being  the  least  possible,  viz.  ^i  of  iu  tbicit-' 
ness :  but  if  this  fflass  is  turned  with  its  other  side  to  the  rays,  the 
aberration  will  oe  ^V»  ^^^  therefore  would  be  much  worsen 
The  same  ratio  holds  with  respect  to  concave  lenses. 

The  lenses  of  a  good  telescope  should  all  be  perfectly  well 
polished,  and  should  be  as  thin  as  possible  for  their  size  and 
curvature.  When  a  lens  is  exactly  circular,  and  yet  is  foond 
to  be  thicker  on  one  side  than  another,  it  is  a  proof  that  the 
axes  of  the  two  surfaces  are  not  coincident,  and  it  ought  to  be 
rejected. 

'  OC  reflectitig  telfescopes^  the  Gregorian  is  almost  the  only 
one  made  far  common  use.  This  preference  seems  to  be  owin^ 
to  the  neatness  of  its  appearance,  and  to  its  being*  ]>ointea 
towards  objects  in  the  same  manner  as  refracting  telescopes, 
rather  than  ito  any  really  intrinsic  advantages  ivbtch  it  has  over 
the  Newtbnian^donalruptio^.  In  all  the  reflecting  telescopee 
Ive  have: nodfced^;  the  diameter  of  the  large  mirror,  on  account 
of  th^  interdoeition  of  the  small  one,  ai  the  aperture,  must 
be  greater  tnaa  would  otherwise  be  required,  in  order  to  en- 
lighten the  field  of  view  suflSciently ;  and  it  may  also  be  ob« 
sewed,  that  as  sf»ecula  have  probably  never  been  ground  to  a 
truly  parabolic  figare,  the  central  part,  the  benefit  of  which  is 
loet,  IS  the  most  valnable  portion  of  the  whole,  becauae  IS 
would  reiedt'thp  lijgihtwiUi  the  greatest  regularity.  To  this 
it  may  be  added,  that  the  difBcnky  of -grinding  a  specnluas 
increflseld  pefhaps  inrvo  great  a  proportion  as  the-  square  of  the 
diametery'«n4is  ta  ther^efor»4if  abn^eimportiuiee  to  tlvoiewho 
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[^^lay  undertake  the  construction  of  these  in&trmnents  for  them* 
selves,  to  make  the  large  speculum  as  small  as  possible,  con* 
sisteatly  with  a  given  power  and  quantity  of  iignt.  We  shall 
therefore  mention  the  form  of  a  renectiag  telescope,  which  wfl 
recollect  to  have  been  shewo  many  years  ago,  by  a  self-taught 
optician,  who,  bo  far  as  we  can  recollect,  on  the  question  being 
nut  to  him,  declared  himself  to  lie  the  first  who  had  adopted 
it.  It  is  represented  by  fig,  6,  pi.  VII,  where  the  great  mirroi 
is  as  usual  at  the  bottom  of  the  principa)  tube,  but  instead  of 
having  its  axis  coincident  with  tnat  of  the  tube,  it  is  inclined, 
so  33  to  throw  tbe  image  upwards,  through  an  aperture  fot 
that  purpose,  to  no,  whence  the. rays  diverge,  and  falling  upon 
the  small  speculum,  are  reflected  by  it  to  the  eye,  as  in  the 
Gregorian  telescope.  Here  we  have  supposed  the  small  mirror 
to  be  concave,  but  we  are  not  certain  whether  it  was  so  or  not; 
it  is  clear,  the  principle  of  it  is  preserved,  if  the  whole  diame- 
ter of  the  mirror  is  employed  to.  reflect  light;  and  therefore  it 
may  have  the  small  mirror  convex  like  Casaegrain's  reflector, 
or  plane,  like  Newton's.  We  can  speak  with  confidence  of 
tbe  excellence  of  the  instrument  we  allude  to,  and  we  gladljr 
bear  this  testimony  to  the  merit  of  an  obscure  individual,  who,' 
we  Have  reason  to  believe,  is  now  deceased.  He  was  tenacioiit 
of  liis  optical  knowledge,  and  reserred  in  speaking  of  it ;  y«t 
he  was  far  from  an  illiberal  character.  His  mirrors  were  cast 
by  himself  in  his  own  house,  and  every  other  part  of  the  work- 
manship of  his  instruments,  and  tbe  tools  with  which  they 
were  made,  were  constructed  hy  himself:  in  solitude  ana 
silence,  by  day  and  by  night,  though  surrounded  by  the  chil- 
ling difficulties  of  poverty,  be  seems  to  have  pursued  his 
studies  with  an  assiduity  seldom  paralleled ;  and  the  know- 
ledge which  it  cost  him  so  much  to  acquire,  he  might  feel 
it  difltcitit  to  part  with  to  a  casual  acquaintance.  Perhaps 
the  notice  we  have  taken  of  hiai  in  this  place,  may  be  more 
than  is  called  for  by  any  proof  we  have  given  of  his  abilities, 
in  the  new  arrangement  of  a  telescope;  but  the  example 
may  be  an  encouragement  to  others,  and  ought  not  to  be 
lost.  In  another  place,  we  may  have  an  opporltinity  of  dis- 
closing his  name,  and  of  investigating  his  particular  merits; 
here  we  will  only  add,  that  he  bad  taken  no  scanty  draught 
of  the  "  Pierian  spring,"  and  that  his  poetical  effusions  were 
as  elegant  and  impassioned,  as  the  work  of  his  bands  was  cor- 
rect and  effectual. 

The  two  mirrors  of  a  telescope  should  not  have  the  same 
curve.  Maskelyne  has  observed,  that  when  the  two  specula 
are  parabolas,  they  cause  a  very  considerable  aberration,  which 
ia  negative,  that  ts  to  say,  tbe  focii&  cf  ths  extreoM  ray  ia 
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longer  than  thote  of  the  middle  ones.  If  the  large  apeculniti 
is  a  parabola,  the  kmall  one  ought  to  be  an  ellipse;  but  when 
the  small  speculum  is  sphericat,  which  is  generally  the  case  in 
practice,  if  concave,  the  figure  of  the  large  speculum  ought  to 
be  an  hyperbola;  if  convex,  the  large  speculum  ought  to  be  an 
ellipse,  to  free  the  telescope  from  aberration.  This  will  be  easier 
tinderstood,  by  attending  to  the  positions  of  the  first  and  second 
images ;  when  a  curve  is  of  sticn  a  form  that  lines  drawn  from 
each  image,  and  meeting  in  any  point  of  the  curve,  make  equal 
angles  with  the  tangent  to  the  curve  at  that  point,  it  is  evident 
that  such  curve  wiU  be  free  from  aberration. ' 

From  a  property  of  reflecting  telescopes,  that  the  apertures 
of  the  two  specula  are  to  each  other  very  nearly  in  the  propor- 
tion, of  their  focal  lengths,  it  follows  that  their  aberrations  will 
be  to  each  other  in  the  same  proportion;  and  these  aberra- 
tions are  in  the  same  direction,  if  the  two  specula  are  both 
concave;  or  in  contrary  directions,  if  one  speculum  is  con- 
cave, and  the  other  convex. 

In  the  Gregorian  telescope,  both  specula  being  concave,  the 
aberration  at  the  second  imagfe  will  oe  the  sum  of  the  aberra- 
tions  of  the  two  mirrors ;  but  in  Cassegrain^s  construction,,  one 
mirror  bein^  concave,  and  the  other  convex,  the  aberration  at 
the  second  image  will  be  the  difference  between  their  aberra^ 
tions.  By  assuming  such  proportions  for  the  foci  of  the  spe- 
cula as  are  generally  used  in  the  reflecting  telescope,  whicn  is 
about  as  1  to  4,  the  aberration  in  the  Cassegrainian  construc- 
tion will  be  to  that  in  the  Gregorian  as  3  to  5.  Hence  ap- 
pears the  service  which  might  be  rendered  to  artists  by  a 
complete  mathematical  investigation  of  the  curves  adapted  to 
optical  purposes. 

Of  Micrometers, 

A  micrometer  is  an  instrument  by  which  the  apparent  mag- 
nitudes of  objects  viewed  through  microscopes  or  telescopes 
are  measured. 

A  great  variety  of  micrometers  have  been  contrived,  some 
of  which  are  very  complicated  and  expensive,  others  possess 
great  simplicity.  The  accuracy  of  their  performance  has  not 
always  been  proportionate  ito  their  cost.  We  shall  notice  only 
one  or  two  of  the  most  simple  micrometers,  as  our  limits  will 
not  permit  us  to  enlarge  much  beyond  what  may  prove  in- 
teresting to  the  generality  of  our  readers. 

Lewenhoeck's  method  df  estimating  the  site  of  small  objects 
was  by  comparing  them  with  grains  of  sand,  of  which  one 
hundred  placed  in  a  line  took  up  an  inch.  These  grains  he 
laid  on  the  same  platct  with  his^objeots  and  viewed  them  at  the 
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same  time.     Dr.  Jtirin's  method  was  similar  to  this,  for  hB  I 
wrapped  a  piece  of  fine  silver  wire  very  closely  round  a  pii^ 
and  observed  how  many  rings  made  an  inch ;  and  he  used  thii 
wire  as  Lewenhoeck  used  his  sand.     Dr.  Hook  used  to  look, 
upon  tlie  magnified  object  with  one  eye,  while,  at  the  samt 
time,  lie  viewed  other  objects  placed  at  the  same  distance,  with 
the  ntlier  eye.     In  this  manner  lie  was  able,  by  the  help  of  « 
'  ruler,  divided  into  inches  and  small  parts,  and  laid  on  the  per 
destai  of  the  microscope,  to  cast  the  magnified  appearance  of 
the  object  upon  the  ruler,  and  thus  exactly  to  measure  the  diar, 
meter  which  it  appeared  to  have  through  the  glass;  whicb  , 
being  compared  willi  the  diameter  as  it  appeared  to  tlie  naksd.'*! 
eye,  easily  shewed  the  degree  in  which  it  was  magnified,     tr  \ 
little  practice  renders  this  method  very  easy. 

Cavalto's  micrometer,  which  he  has  described  in  the  tliitdi  I 
volume  of  his  "Elements  of  Natural  and  Experimental  Phi^  1 
losophy,"  is  simple  and  valuable.  It  consists  of  a  small  semi*  | 
transparent  scale  or  slip  ofmother-of-pearl,  about  the  twentieth 
part  of  an  inch  broad,  and  of  the  thicVness  of  common  writing  1 
paper.  It  is  divided  into  a  number  of  equal  parts  by  meant  * 
of  parallel  lines,  every  fifth  and  tenth  of  which  divisions  is  «  ■ 
little  longer  than  the  rest. 

This  micrometer,  or  divided  scale,  is  situated  within  tli4 
tube,  at  the  focus  of  the  eye-lens  of  the  telescope,  where  th^  1 
image  of  the  abject  is  formed,  and  with  lis  divided  edge  passf 
ing  through  the  centre  of  the  Geld  of  view  ;  though  this  is  not  I 
absolutely  necessary.     It  is  immaterial  whether  the  telescopy  j 
be  a  refractor  or  a  refiector,  provided  the  eye-lens  be  convex, 
and  not  concave,  as  in  ihe  Galilean  telescope. 

The  simplest  way  of  fixiiiv  it,  is  to  stick  it  upon  the  dia-i 
phragm,  which  generally  stands  within  the  tube,  at  the  focal  I 
distance  of  the  eye-leas. 

By  looking  through  the  telescope,  the  image  of  the  object  J 
and  the  micrometer  will  appear  to  coincide :  hence  the  observerr  ] 
may  easily  see  how  many  divisions  of  the  latter  measure  the^ 
length  or  breadth  of  the  former ;  and  knowing  the  value  of  tbi^  i 
divisions  of  the  micrometer,  he  may  easily  determine  the  angle  j 
which  is  subtended  by  the  abject. 

There  are  several  methods  of  ascertaining  the  value  of  ths'l 
divisions  of  a  micrometer  in  a  given  telescope.  The  followioO^I 
is  one  of  the  easiest;  Direct  the  telescope  to  the  sun,  an^l 
observe  how  many  divisions  of  the  micrometer  measure  it*  T 
diameter  exactly ;  then  take  out  of  the  Nautical  Almanack  th*  | 
diameter  of  the  sun  for  the  day  in  which  the  observation  if 
made  ;  divide  it  by  the  above-mentioned  number  of  divisii 
?lld  the  quolieift  is  the  vaj^e  qf  pijc  diyisign  of  the  inicrometeiV 
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ThiifS/BAt^jto^i  ikii26i4iiiAom  6f  the  micrometer  measure 
tfie  disitti^i^  of  the  suto/atid  tlife  Kautical  Almanack  gives  for 
the  ikieMiit^  of  tbe  togle  which  isanbtended  by  the  same  dia* 
metef/31  minfites,  32  Secemda;  or(byredacing  the  whole  into 
Seconds)  1882  sei^onds.  I>ivide  1882  by  26A  snd  the  qu<H 
tieAti  tieglefiting  a  small  remainder,  ia^l  seconds,  or  1  minat^ 
11  seconds;  Which  is  the  taiu^  of  Ofie  division  of  the  micros 
metek';  and  therefore  the  value  Of  any  greater  number  of  divi-^ 
feions  is  eaaily  as^rtained. 

The  mother-^^elHrl  micrometer  may  be  applied  to  a  micro* 
Soope,  and  it  will  thus  serVe  to  tneasure  the  lineal  dimensions 
bf  tne  object.  The  valae  of  its  divisions  may  be  ascertained 
&y  placing  an  object  of  a  knoVvn  dimension  before  the  micros 
scope,  and  by  observing  hdw  many  divisions  of  the  micrometer 
hiea^ure  its  magnified  image.  For  instance,  place  a  piece  of 
paper  which  is  exactly  one-tenth  of  an  inch  lon^,  before  the 
microscope,  and  if  you  find  that  60  divisions  of  tne  microme-* 
ter  measure  its  magnified  image,  yon  may  conclude  that  each 
divisioti  denotes  an  extension  of  the  SOOdth  part  of  an  inch  in 
the  object;  for  if  50  divisions  measure  one-tenth,  500  divisions 
must  measure  the  whole  inch. 

Mother-of-pearl  was  found,  by  Cavallo,  after  many  trials,  to 
be  a  much  more  convenient  substance  than  either  glass, 
ivory,  horn,  or  wood,  as  it  is  a  very  steady  substance,  the 
divisions  are  easily  marked  upon  it,  and  when  made  as  thin 
as  common  writing  paper,  it  has  a  very  useful  degree  of  trans^ 
parency. 
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Abstbact  of  Optics. 

1.  The  particles  of  light,  which  are  inconceivably  smalli 
proceed  from  luminous  bodies  in  right  lines. 

2.  Consequently  the  density  of  light  is  inversely  as  the 
square  of  the  distance  from  the  luminous  centre. 

8.  Light  moves  at  the  rate  of  nearly  200,000  miles  in  one 
second  of  time. 

4.  Its  impression  on  the  retina  is  not  instantaneous ;  hence 
though  its  particles  may  be  separately  projected,  so  as  to  be, 
in  their  progress,  at  the  rate  ot  1000  miles  apart,  its  velocity 
4s  SnAcient  to  produce  distinct  vision. 

5.  fivery  ray  of  light  carries  with  it  the  image  of  the  point 
iVom  whiieh  it  was  emitted ;  when,  therefore,  pencils  of  raya 
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U  jt  1 — LeDHi — MirroTi. 

kSFQ  every  point  of  an  object  are  united  in  the  same  order  m 
■rhicli  tliey  were  emitted,  tliey  form  an  ima;je  or  representatiob 
Tf'that  object,  at  the  place  where  they  are  thus  united.  1 

I  6.  All  tile  rays  of  light,  which  enter  another  medium  ob-  I 
Iquely.  suffer  refraction ;  thnt  h,  they  either  move  farther  ' 
com,  or  nearer  to,  the  perpendicutar,  as  the  medium   intb 
Prfaich  tliey  enter  is  rarer  or  denser  than  the  other  medinni.    ' 
p  7.  On  the  refrangibility  of  light  depends  the  properties  of 
taiises.  " 

I.e.  Convex  lensee  collect  the  rays  of  light,  and  make  them 
iDDver^  to  a  centre  or  focua.  '  '' 

t  9.  Concave  lenses  disperse  the  rays  of  light,  their  power  oT 
ttfraciion  not  being  towards  their  centre,  but  towards  iheir 
trcumference. 

-  10.  When  light  strikes  upon  a  surface,  it  is  reflecled  bo 
that  the  angle  of  reflection  is  equal  to  the  angle  of  incidence; 
on  this  the  properties  of  niiirors  depend. 

11.  Plane  mirrors  have  no  other  effect  thau  that  of  chang- 

Ig  the  direction  of  the  incident  rays. 
12.  Convex  mirrors  cause  parallel  rays  to  diverge. 
13.  Concave  mirrors  collect  parallel  rays,  or  cause  them  to 
inverse  to  n  focus. 
14.  Mixed  mirrors  exhibit  distorted  images,  because  they 
orease  or  lessen  the  divergence  or  convergence  of  the  rayi 
one  or  two  directions  only. 
15.  The  solar  beam  is  composed  of  rays  possessed  of  dif- 
ferent degrees  of  refrangibility,  and   these  differences  of  re- 
frangibility, which  are  dependent  on  the  size  of  their  particlevj 
produce  all  the  phenomena  of  colours. 

16.  The  solar  beam,  or  white  light,  conlaina  rays  of  seven 
different  colours,  viz.  red,  orange,  yellow,  green,  brae,  indigo, 
and  violet.  These  are  called  the  primitive  colours,  because 
they  are  immutable,  except  by  intermixture. 

17.  It  is  inferred  that  red  light  is  composed  of  particles 
of  the  lai-gest  size,  because  it  is  found  to  be  capable  of 
struggling  through  thick  and  resisting  mediums,  which  stop 

BVrery  other  colour. 
^'18.  The  size  of  the  particles  of  other  colours  are  in  the 
■rder  of  their  enumeration,  the  violet  being  the  smallest.       ' 
19.  The  rainbow  is  owing  to  the  separation  of  the  light 
into  its  primitive  colours,  by  the  drops  of  falling  rain,  which 
act  like  a  prism. 

20.  The  rays  of  light  are  iiiftecttd  when  they  pass  very  near 
a  body,  and  defieclea  when  they  pass  at  a  greater  distance. 

21 .  Those  rays  which  deviate  the  least  by  refraction,  deviate 
the  most  by  flection. 
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22.  The  images  of  all  visible  objects  are  depicted  on  the 
retina,  in  an  inverted  position. 

23.  With  two  eyes,  vision  is  not  only  more  distinct,  bat 
more  accurate  than  with  one. 

24.  A  good  eye  can  aee  most  distinctly  when  the  rays  fall 
parallel  upon  it,  because  the  foci  of  such  rays  fall  exactly  on 
the  retina*. 

25.  The  best  eye  can  hardlv  distin^iish  any  object  that 
subtends  ah  angle  of  less  than  half  a  minute. 

26.  The  apparent  magnitude  of  objects  is  dependent  on  the 
angle  under  wnich  they  are  seen,  or  on  the  size  of  their  images 
depicted  on  the  retina. 

27.  The  long-sighted  require  convex  spectacles,  the  short-- 
sighted, concave  ones. 

28.  Burning  lenses  must  be  convex,  and  burning  mirrors 
concave,  as  the  effects  of  both  these  instruments  are  depeii- 
dent  on  the  condensation  of  the  incident  light. 

29.  Microscopes  are  instruments  for  viewing  small  objects. 
They  appear  to  magnify  objects,  because  they  enable  us  to 
see  them  with  distinctness,  nearer  than  the  natural  limits  of 
vision. 

30.  Refracting  telescopes  are  formed  by  lenses  only ;  when 
manufactured  in  the  best  manner,  they  are  either  furnished 
with  an  achromatic  pbject-glass,  which  corrects  the  defect 
arising  from  the  unequal  refraction  of  the  different  rays,  by  a 
combination  of  one  or  two  convex  lenses  with  a  concave  one 
of  a  different  sort  of  s^lass ;  or  though  more  rarely,  they  have 
an  aplanatic  object-glass,  which  corrects  the  same  defect  by 
the  combination  of  a  plano-convex  and  meniscus  glass,  with 
a  fluid  between  them  that  acts  like  a  third  lens. 

31.  Reflecting  telescopes  consist  of  lenses  and  at  least  of 
one  speculum.  When  there  is  more  than  one  speculum,  the 
second  is  only  about  one-fourth  of  the  size  of  the  other,  and 
may  be  either  convex,  concave,  or  plane. 

32.  Reflecting  telescopes  admit  of  a  much  greater  magnify 
ing  power  in  a  given  length,  than  refracting  telescopes. 

33.  The  binocular  telescope  consists  of  two  telescopes  so 
combined,  that  both  eyes  may  be  employed  in  looking  at  the 
same  object. 


ASTRONOMY. 


ASTRONOMY. 


AsTRoMOHvis  the 
magnitudes,  periodi 
bodiei 


liich  treats  ofthe  motions,  ecltpsetj 
and  other  phenomena  of  the  he&veubf 

The  early  history  of  astronomy,  as  of  all  other  anciedlut 
sciences,  is  enveloped  in  much  obscurity.  It  may  be  presumed,' 
ihnt  some  knowledge  of  it  would  be  neaily  coeval  with  the 
human  rRce,  because  it  would  excite  attention,  as  well  from 
motives  of  curiosity,  as  from  its  connection  with  the  common 
concerns  of  life;  but  in  what  age  or  country  the  united  obser- 
valtoiis  of  many,  were  first  so  tar  methodized,  as  to  raise  it  to 
the  diirnity  of  a  science,  is  now  beyond  the  reach  of  unques- 
tionable discovery,  and  it  would  be  useless  to  multiply  con- 
jectures on  the  subject. 

Those  delightful  regions  of  Asia,  which  were  the  first  abod« 
of  mankind,  were  peculiarly  calculated  to  favour  the  growth! 
of  astronomical  knowledge.  Accordingly,  it  appears  that  a, 
tronomy  was  much  cultivated  among  the  Chaldeans.  The  level 
and  extensive  plains  of  that  country,  the  nights  which  they 
passed  in  the  open  air,  an  unbroken  horizon,  a.  pure  and  serene 
sky,  all  conspired  to  engage  that  people  to  contemplate  the 
motions  of  the  stars,  and  to  lead  them  to  conjecture  on  the  laws 
by  which  they  were  governed. 

From  Chaldea,  astronomy  passed  into  Egypt,  and  was  soja 
afterwards  carried  into  Phcenicia,  where  the  people  began  t 
apply  the  observations  which  had  been  made  to  the  uses  o^ 
navigation,  and  thus  rendered  themselves  the  masters  oft! 
aea  and  of  commerce.  Their  guide  in  steering  their  ships,  whi 
far  from  land,  was  one  of  the  stars  in  the  constellation  calledfl 
the  Little  Bear,  which,  unlike  other  stars,  appeared  always  toi*! 
retain  the  same  situation.     Other  nations,  less  skilful  in  astro-^ 
nomy,  observed  only  the  Great  Bear  in  their  voyages,  a  guidv 
too  imperfect  to  enable  them  to  lose  si^ht  of  land  with  safety. 

Thales,  the  Milesian,  who  flourished  about  700  years  befor 
the  Christian  era,  brought  the  science  of  the  stars  trora  Phoe"' 
cia  into  Greece,  where  he  taught  the  utility  of  the  cunstellati 
of  the  Little  Bear  in  navigation.  He  also  taught  the  thee 
of  the  motion  of  the  sun  and  moon,  by  which  he  accounted  fi 
the  length  and  shortness  of  the  days,  determined  the  numbu 
of  the  days  of  the  solar  year,  and  not  only  explained  the  cauH 
of  eclipses,  but  the  art  of  predicting  them,  which  he  eva 
reduced  to  practice,  foretelling  an  eclipse  which  took  placA  i 
soon  after,  and  was  rendered  memorable  by  its  happening  oil:>{ 
a  day  of  battle  between  the  Medea  and  Lydians.  ' 
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To  Anaximander,  one  of  the  diaciples  of  Thales,  is  ascribed 
the  inyention  of  the  terrestrral  globe,  and  of  a  gnomon  which 
he  erected  at  Sparta,  by  means  of  which  he  observed  the  equi* 
noxes  and  solstices,  and  determined  the  obliquity  of  the 
^ecliptic  more  exactly  than  had  ever  been  done  before.  The 
Greeks,  assisted  by  the  instructions  they  had  received  firoci 
Thales  and  Anaximander,  ventured  to  make  considerable  Toy 
ages,  and  planted  several  colonies  in  rem(^  countries;  yet 
the  latter  pnilosopher  and  his  children  were  proscribed  by  the 
Athenians,  and  their  lives  would  have  been  sacrificed  but  for 
Pericles,  through  whose  influence  the  sentence  was  commuted 
for  banishment.  The  charge  against  him  was  the  discovery 
of  truth ;  for  it  was  thought  impious  to  suppose  the  works  of 
the  gods  subject  to  immutable  laws ! 

Pythagoras,  another  of  the  disciples  of  Tbales,  taught 
many  sublime  astronomical  truths.  To  him  is  attributed  the 
discovery  of  the  true  system  of  the  world,  which,  after  the 
lapse  of  many  centuries,  was  revived  by  Copernicus,  and  which 
is  now  settled  on  the  basis  of  so  many  proofs,  that  it  can  never 
be  overthrown.  It  was  even  thought,  in  his  school,  that  the 
pUiiets  were  inhabited  like  the  earth,  and  that  the  staro  which 
ure  disseminated  through  infinite  space,  are  suns,  and  the 
centres  of  other  planetary  systems.  He  is  also  said  to  have 
considered  the  comets  as  permanent  bodies,  moving  round 
the  sun;  and  not  as  perishing  meteors,  formed  in  the  atmo- 
H\}bere,  as  they  were  thought  to  be  in  after  times.  Pythagoras 
died  about  the  year  497  before  Christ. 

Pythias  was  the  first  who  taught  the  method  of  disting^uish- 
tng  climates  by  the  length  of  the  days  and  nights,  and  about 
his  time,  a  remarkable  emulation  to  excel  in  astronomy 
prevailed  among  the  Greeks.  £udoxus»  a  disciple  of  Plato, 
not  satisfied  with  what  he  could  iearti  at  Athens,  repaired 
to  Egypt,  to  cultivate  astronomy  at  its  source.  At  his 
return  he  compiled  several  books  on  astronomy,  and  amoi^ 
others,  a  description  of  the  constellations.  Eudoxus  attempted 
to  explain  the  celebrated  cycle  of  nineteen  years,  which 
had  been  imagined  by  Meton,  in  order  to  conciliate  the 
solar  and  lunar  motions.  This  is  the  most  accurate  period, 
for  a  short  interval  of  time,  that  could  have  been  devised, 
for  embittcing  an  exact  number  of  revolutions  of  the  sun 
and  moon;  and  is  so  simple  and  useful,  that  when  Meton 
proposed  it  to  the  Greeks^  assembled  at  the  Olympic  games, 
its  the  basis  of  their  calendar^  it  was.  received  with  great 
approbation,  and  unanimously  adopted  by  all  their  colonies. 
The  year  of  the  cycle  is  called  the  golden  number,  land  is  still 
placed  in  the  calendar. 
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"Aristotle,  the  disciple  of  Plato,  and  the  contemporary  of 
p35udoxus,  made  use  of  astroiioiny  for  improving  physics  and 
I  geography.  He  attempted  to  determine,  by  astronomical 
f  observations,  both  the  figure  and  the  magnitude  of  the  earth. 
tHe  demonstrated  that  it  was  of  a  spherical  form,  by  the  cir- 
nlar  appearance  of  its  shadow  on  the  disc  of  the  moon  in 
lipsesj  and  from  the  inequality  of  the  meridian  altitudes  of 
1,  which  are  different  in  different  latitudes.  CallistbeDes, 
ftt^ho  attended  Alexander  the  Great,  having  been  sent  to  Baby- 
lllbn,  found  there  astronomical  observations  made  by  the  Baby- 
|ijtonians  during  the  space  of  1903  years,  and  sent  them' to 
Aristotle. 

'  But  of  all  the  schools  of  antiquity  in  which  astronomy  was 
3;ht,  that  of  Alexandria  has  justly  attained  tiie  highest 
;brity.  Here  we  have  the  first  record  of  a  combined  series 
Hf  observations,  made  with  instruments  proper  for  measuring 
Ingles,  and  calculated  trigonometrically.  Here  the  position 
i«f  the  stars  began  to  be  minutely  determined;  the  course  of 
ile  planets  to  be  traced  with  care ;  and  the  inequalities  of  the 
alar  and  lunar  motions  to  be  better  known.  The  theory 
idopted,  aimed  at  the  explanation  of  all  the  celestial  motions ; 
nd  though  inferior  to  that  of  Pythagoras,  yet  the  numerous 
ibservations  which  were  made,  furnished  the  means  of  detect- 
j  its  fallacy,  and  of  enabling  succeeding  astronomers  to 
discover  the  true  system  of  nature. — Hipparchus  of  Bithynin, 
|rho  flourished  at  Alexandria  about  the  year  162  before  Christ, 
particularly  famous  for  the  excellence  of  his  observations; 
a  he  determined  the  length  of  the  tropical  year  with  a  pre- 
iKraion  never  attained  before,  his  result  not  varying  more  than 
\  minutes  from  the  truth. 

■  Ptolemy,  an  Egyptian,  who  lias  always  been  considered  the 
rince  of  astronomers  among  the  ancients,  flourished  in  the 
century  of  the  Christian  era.  He  has  preserved  and 
r^iismitted  to  us  the  observations  and  principal  discoveries 
ancients,  much  enriched  and  enlarged  by  his  own 
I,  in  a  treatise  called  "The  Great  Syntaxis,"  in  which 
:  gave  the  theory  and  tables  of  the  motion  of  the  sun  and 
.  the  planets  and  the  fixed  stars,  tie  adopted  the 
ibst  ancient  system,  which  supposed  the  earth  to  be  ia 
!  centre  of  tne  universe,  and  this  system,  to  distinguish 
!  from  others,  has  been  called  the  Ptolemaic  System. 
Be  defects  of  his  system  did  not,  however,  prevent  him 
tbm  calculating  all  the  eclipses  that  were  to  happea  for  600 
fftftra  to  come. 

'  About  the  year  826,  Ptolemy's  great  work  was  tran&lated  by 
^e  Arabians  into  their  language,  in'  which  it  vas  called  the 
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Almagest.  About  the  year  1230,  it  was  translated  from  the 
Arabic  into  Latin,  under  the  auspices  of  the  emperor  Frederic 
II.  who  was  willing  that  the  Christians  should  'understand 
astronomy  as  well  as  those  whom  they  styled  Barbarians. 
Alphonso,  king  of  Castile,  went  further,  for  he  assembled  the 
most  able  astronomers  from  all  parts,  who  composed  new 
tables,  called  after  him  the  Alphonsine  tables. 

By  these  means  the  attention  of  the  learned  men  in  Europe 
became  airected  to  a  science,  the  knowledge  of  which  pro* 
mised  so  much  gratification,  utility,  and  fame.  Calculations 
and  treatises  became  very  frequent,  as  well  as  the  invention 
of  instruments  to  facilitate  observations.  The  most  memorable 
event  of  this  period  was  the  revival  of  the  ancient  or  Pytha- 
gorean system  of  the  world,  which  had  been  set  aside  ever 
since  the  time  of  Ptolemy.  This  was  done  by  Nicholas 
Copernicus,  a  native  of  Thorn,  in  Prussia,  born  in  1472.  The. 
Ptolemaic  system,  which  supposes  the  earth  to  be  fixed  in  the 
centre  of  the  universe,  and  the  Sun  and  Moon,  with  Mercury, 
Venus,  and  the  other  planets,  to  revolve  about  it  in  concentric 
circles,  he  perceived  to  be  inconsistent  with  the  phenomena, 
and  encumbered  with  many  absurdities  which  did  not  affect 
he  hypothesis  which  considered  the  Sun  to  be  in  the  centre^ 
and  the  Earth  a  planet  revolving  annually  with  the  rest  about 
the  Sun,  and  daily  on  its  own  axis.  He  established  his 
theory  by  such  incontrovertible  reasoning,  that  it  gradually 

{>revailea  from  that  time,  and  continuing  to  spread  with  the 
apse  of  ages,  it  is  now  the  only  one  received  in  Europe,  and 
wnerever  true  science  is  known.  But  Copernicus  had  not 
himself  the  satisfaction  of  seeing  the  triumph  of  the  theory 
he  defended :  threatened  with  persecution  by  the  religious 
bigots  on  one  side,  and  with  a  perverse  opposition  from  those 
who  called  themselves  philosophers  on  the  other,  he  could  not 
be  prevailed  upon  to  publish  the  work  which  contained  the 
result  of  his  observations,  till  long  after  it  had  been  finished. 
His  consent  to  the  publication  of  it  was  wrung  from  him  by 
the  importunities  of  his  friends,  and  a  copy  was  brought  to 
him  only  a  few  hours  before  his  death,  which  happened  in  his 
seventy-first  year.  In  this  age,  or  rather  in  this  country,  we 
regard  with  astonishment  the  degrading  thraldom  to  which  the 
fauman  mind  was  in  these  times  subjected. 

The  only  opposition  of  any  consequence  which  the  theory 
of  Copernicus  ever  met  with  nrom  science  and  argument,  pro- 
ceeded from  Tycho  Brahe,  a  celebrated  Danish  astronomer, 
who  attempted  to  set  up  against  it  a  theory  of  his  own. — 
His  system  is  not  very  different  from  the  Ptolemaic,  but  ia 
generally  called  by  his  name.     He  supposed  the  earth  to  be 
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immoveable  in  the  centre  of  the  universe,  and  the  Sun  to 
revolve  about  it  every  twenly-four  hours:  the  planets  he 
thought  went  round  the  Sun  in  tbeir  periodical  times.  Mercury 
being  nearest  to  the  Sun,  then  Venus,  Mars,  Jupiter,  and 
Saturn,  and  ofcourse  to  revolve  also  about  the  earth.  But  some 
(if  Bralie's  disciples  supposed  the  earth  to  have  a  diurnal  mo- 
tion round  its  axis,  and  the  sun,  with  all  the  planets,  to  move 
round  the  earth  in  one  year.  TJie  inconsistencies  with  which 
this  hypothesis  abounded,  will  be  most  obvious  when  we  have 
explained  the  Copernican  or  true  system.  In  defence  of 
Brahe's  just  fame,  it  is  proper  to  add,  that  though  he  adopted 
an  erroneous  theory,  he  was  actuated  by  pious  motives,  and 
that  he  rendered  very  important  services  to  astronomy,  by  the 
correctness  and  number  of  hi^  observations. 

Kepler  was  one  of  the  pupils  of  Tycho  Brahe,  and  a  man  of 
a  truly  original  and  admirable  genius.  Hipparchus,  Ptolemy, 
Tycho  Brahe,  and  even  Copernicus  himself,  were  indebted  for 
a  great  part  of  their  knowledge  to  the  Egyptians,  Chaldeans, 
and  Indians;  pursuing  paths  already  pointed  out,  they  did 
little  more  than  separate  fancy  from  fact,  with  more  or  less 
success;  but  Kepler,  by  his  own  talents  and  industry,  has 
made  discoveries  of  which  no  traces  are  to  be  found  in  the 
annals  of  antiquity.  Galileo  was  contemporary  with  Kepjer, 
and  while  the  latter  was  tracing  the  orbits  of  the  planets,  and 
settling  the  laws  of  their  motions,  he  was  investigating  the 
doctrine  of  motion  in  general,  which  had  been  neglected  for 
2000  years;  and  from  the  results  of  their  united  labours.  New- 
ton and  Huygens  were  afterwards  enabled  to  establish  the  most 
complete  theories  of  all  the  planetary  motions.  Though  Galileo 
proved,  in  the  most  incontestable  manner,  the  annual  and 
diurnal  motion  of  the  earth,  his  doctrine  was  declared  heretical 
by  a  congregation  of  cardinals  assembled  for  the  purpose,  and 
though  not  only  venerable  for  his  years,  Ijut  also  one  of  the  most 
virtuous  and  enlightened  man  of  his  age,  he  was  condemned  to 
perpetual  imprisonment,  for  believing  and  promulgating  truths 
which  accorded  with  the  order  of  nature, and  which  he  therefore 
believed  to  be  written  with  the  finger  of  God.  Through  the  soli- 
citations of  his  great  patron,  the  Grand  Duke  of  Tuscany,  he 
partittlly  regained  his  liberty  at  the  end  of  a  year,  and  in  1642 
he  died,  regretted  by  the  learned  and  liberal  of  all  Europe. 

From  the  time  of  Newton,  who  carried  the  theoretical  part 
of  the  science  to  perfection,  astronomy  has  never  been  without 
an  illustrious  phalanx  of  supporters,  whose  particular  merits 
and  discoveries  it  would  be  impossible  to  mention  in  this  con- 
cise historical  abstract.  We  shall  now  therefore  proceed  with 
tile  elementary  details  of  the  science. 
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is  longier  visible  before  the  planet's  roiind  phase^  and  ^ppea^ 
again  sooner  than  the  other.  Herschel  demonstrates,  tha( 
the  ring  revolves  in  its  own  plane,  in  lOh.  32'  15.4".  This 
philosopher  has  paid  ^reslt.attentioti  to  Saturn's  ring.  At^ 
cording  to  hira,  there  is  one  single,  dark,  considerably  broai) 
line,  belt,  or  zone,  which -he  has  constantly  found  on  the 
north  tiide  of  the  ring.  As  this  dark  belt  is  anbject  to  no 
change  whatever,  it  is  probably  owing  to  some  permaueal 
construction  of  the  surface  of  the  ring :  this  constructioq 
cannot  be  owing  to  the  shadow  of  a  chain  of  mountains, 
since  it  is  visible  all  around  on  the  ring;  for  there  could 
be  no  shade  at  the  endfc  of  the  ring ;  and  a  similar  argument 
will  apply  against  the  opinion  of  very  extended  caverns.  It 
is  pretty  evidept  that  tnis  dark .  zone  is  contained  between 
two  concentric  circles,  for  all  the  phenomena  correspond 
with  the  projection  of  such 'a  zone^  The  nature  of  the  ring 
the  Doctor  thinks  no  less  solid  than  that  of  the  planet  itself 
and  it  is  observed,  as  above  mentioned,  to  cast  a  strong  shap 
dow  on  the  planet.  The  light  of  the  rin^  is  also  generally 
brighter  than  that  of  the  planet,  for  the  rine  Appears  suffici* 
enUy  bright,  with  a  telescope  that  afibrds  .scarcely  li|^ 
enough  to  see  Saturn.  He  concludes  that  the  edge  of  the 
ring  IS  not  flat,  but  spherical,  or  spheroidal.  The  dimensions 
of  the  ring,  or  of  the  two  rings  with  the  space  between  themt 
he  estimates  as  follows : 


Inner  diameter  of  the  small  ring   • 146,345 

Outside  diameter  of  ditto 184,399 

Inner  diameter  of  the  larger  ring   190,248 

Outeide  diameter  of  ditto   204,883 

Breadth  of  the  inner  ring   • « 20,000 

Breadth  of  the  outer  ring   7,200 

Breadth  of  the  vacant  space  or  dark  zone   2,839 

• 

If  this  ring  be  opaque,  as  the  sun  shines  fifteen  years  on  its 
north  side,  and  the  same  time  on  its  south  side,  it  will  have 
equal  day  and  night,  each  fifteen  years  long. 

The  swiftness  of  Saturn's  motion  on  his  axis  produces  an 
oblate  figure ;  and  his  equatorial  diameter  is  calculated  to  be 
to  his  polar  diameter,  as  11  to  10. 

^  The  sun  scarcely  afibrds  to  Saturn  an  eightieth  part  of  the 
direct  light  that  we  receive  from  him ;  but  this  planet,  besides 
his  magnificent  ring,  is  accompanied  by  not  less  than  sevea 
satellites,  which  revolve  rouna  him  beyond  his  ring.    The 


uadetermiaed,  in  very  eccentric  orbits,  situated  in  every  varwty- 
of  position,  &]iii  having  very  extensive  attnospberes. 

Planets,    satellites,    aateroids,    and    comets,    all    shiDe    I 
reflected  light. 

The  pliraets,  for  the  convenience  of  expresaiji^  them  i 
globes,  or  in  tables,  &c.  are  often  deaoted  by  peculiar* 
characters,  as  follonrs:  Mercury  $;  Venue  $ ;  Uie  Earth  @; 
Mars  J  ;  Jupiter  t;;  Saturn  I?;  and  the  Georgium  Sidus,  or  ' 
Georgium  Planet,  which  the  foreign  astronomers  usuHlly  call 
Uranus,  or  Herschel  y.  The  lour  laf-lv  discovered  planets, 
or  asteroids,  have  not  yet  »ny  peculiar  criaracters  assigned  to 
them. 

The  orbit  of  a  planet  or  comet,  is  its  path,  or  the  curve  i^   - 
describes  in  its  revolutiou  round  its  ceulral  body.     The  orbitM 
of  all  the  planets  are  elliplical,  yet  they  deviate  but  very  littlv 
from  circles;   while  the  orbits  of  comets  deviate  widely  frotni  ' 
circles,  and  are  therefore  said  to  have  great  eccentricity. 

The  direct  motion  of  a  planet,  is  when  it  appears  to  movi 
from  west  to  east.     Its  retrograde  votion,  is  when  it  uppears  to   , 
move  the  contrary  way,  that  is,  from  east  to  west.     When  a 
planet  seems  to  remain  a  certain  time  iu  the  same  place,  it  is  1 
said  to  be  sliiHonarif, 

The  ecliptic  is  that  path  or  way  which  the  earth  appears  to' 
describe  among  the  ^xed  star^i,  to  an  eye  placed  in  the  sun; 
or,  which  amounts  to  the  same  thing,  it  is  llie  pcth  which  the,    ' 
sun  appears  to  describe  among  the  stars,  to  an  eye  on  the  earth. 

The  zodiac  is  a  zone  extending  eight  degrees  on  each  side  of 
the  ecliptic  all  round  the  heax'ens.  It  is  divided  into  12  equal 
pacts,  called  signs ;  and  as  every  circle,  whether  great  or  small, 
IS  supposed  to  be  divided  into  3G0  degrees,  each  sign  of  the 
zodiac  contains  30  decrees. 

Each  sign  of  the  zodmc  is  distinguished  by  a  particular  name/  J 
and  each  name  is  denoted  by  u  particular  symbol,  which  is  somM  i 
timta  used  alone.     These  names  and  symbola  are  as  follows.)  i 
Aries  in;  TaurusU;  Gemiuin;  Cancer  °»;   Leo  U;  Virgo  igt^  ■ 
Librae;  Scorpion^;  Sagittarius/;  Capricornusy?;  Aquarius 
SK,  and  Pisces  H.     The  signs  of  the  zodiac  are  situated  in  the 
order  in  which  they  are  here  enumerated,  reckoning  from  weaj 
to  east,  whicb  la  called  the  order  of  the  signs. 

The  6xed  stars  are  divided  into  groups,  caMed  coj>stetlalio>i$t  ^ 
which  comprise  a  number  of  stars  that  appear  to  be  near  e 
other.     The  aiicientft  distinguished  the  constellations  by  thn  \ 
names  of  men,  birds,  flsbes,  8tc.  such  a  name  being  seleetetju 
that  the  stars  of  the  constellation  it  is  given  to,  couTd  be  coo^ 
taioed  within  a  figure  of  Uie  original.  Then,  in  order  to  speclfjs 
any  particular  star,  they  spoke,  for  instance,  of  the  star  on  tlM 
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» 

At  the  distance  of  1800  millions  of  miles  from  the  sun,  the 
planet  Herschel,  the  last  of  the  system,  advances  in  his  course, 
lliis  planet  was  discotered  by  Dr.  Herschelf  on  the  Idth  of 
Marcn,  1781,  and  though  commonly  distinguished  by  bis 
name,  it  is  also  known  by  other  appellations;  the  dUcoverer 
himself  called  it  the  Georgium  Sidus,  or  Georgian  Planet*  tn 
hotioor  of  his  sovereign;  Lalande,  and  the  rest  of  the  French 
philosophers  after  him,  called  it  the  Herschel;  while  the 
Germans,  preferring  the  aiicient  liitbde  of  following  the  heathen 
mythology,  called  it  Uranus,  who,  in  fabulous  history,  was  the 
father  of  Satnrii.  The  Herschel'  seemsihe  name  most  likely 
to  content  all  parties^  the  public. voice,  where  the  evidence 
is  clear,  is  alwayd  in  favow  of  those  who  have  the  strongest 
claim  to  distinction:  the  English  will  not  relinquish  both  the 
names  which  may  indicate  the  country  where  the  discovery 
was  made;  and  foreign  philosophers,,  while  they  willingly  give 
the  honour  to  one  of  their  own  republic,  are  not  disposed  to 
give  it'  to  any'  particular  king.  Galileo,  who  discovered  the 
four  satellites  of  Jupiter,  called  them  Medicean  start,  in  honour 
of  the  family  of  the'Medici,  his  patrons;  .but  the  title  is  now 
almost  forgotten,  and  never  usea.% 

The  Hersohel  is  35,112  miles  in  diameter,  and  performs  its 
annual  revolution  in  30,637  days,  4  hours.that  is,  very  nearly 
eighty-^foiir  of  our  years.  The  period  of  its  diurnal  rotation 
has  not  been  determined.  On  a  clear  evening,  it  may  be  seen 
by  the  naked  eye,  in  the  absence  oif  the  moon^  when  viewed 
through  a  good  telescope,  it  is  of  a  bluish  white  colour,  and 
its 'disc  i» 'Well  defined.  The  light  and  heat  which  it  receives 
directly  from  the  sun  is  about  the  362nd  part  of  what  we  enjoy. 

When  the  discoverer  of  the  Herschel  first  observed  it,  be 
supposed  it  to  be  a  comet;  but  it  was  soon  proved  to  be  a 
planet,  th^  suspicion  of  which  was  naturally  suggested  by  its 
nearhess  t6  the  ecliptic.  It  had  always  been  considered  anxed  . 
star,  on  account  of  the  slowness  of  its  motion ;  and  it  was  no 
sooner  known  to  be  a  planet,  than  it  was  perceived  to  be  the 
star  marked  34  in  Flamsteed's  catalogue,  and  964  in  Meyer's. 
By  these  means,  astronomers  were  in  pgssession  of  a  whole 
century  Of  observations  respecting  it. 

Dr.  Herschel  had  the  singular  merit  of  not  only  discovering 
this  star  to  be  a  planet,but  of  discovering  all  the  satellites  it  is 
supposed  to  have,  and  which  are  six  in  number.  These  satel- 
lites cannot  be  seen  without  a  powerful  telescope.  Their 
periods  of  revolution  round  their  primary,  and  their  distances 
from  it,  are  as  follows: 

'  ^  r:    .1  ...  »/ 
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Appir«Dt  moliinu  of  llie  hfliTenlj  bodie*. 

(vhich  tile  guii  U  situated.it  is  obvious  that  the  distances  of  the 
planets  from  the  sud  Is  different  at  diSerent  tunes.  The  points 
of  the  greatest  and  least  distance,  when  spoken  of  indite rently, 
are  called  the  apsides  of  the  planet;  but  when  contradistinction 
is  necessary,  the  point  of  greatest  distance  ia  called  the  higher 
apsis,  or  aphelion;  the  point  of  least  distance  is  called  the  lower 
apsis,  or  penhelioii.  The  line  connecting  these  two  points,  is 
called  the  line  of  the  apsides,  and  is  supposed  to  pass  through 
the  centre  of  the  sun. 

When  the  sun  or  moon  is  at  its  least  distance  from  the  eartlk, 
it  is  sai(!  to  be  in  perigee. — When  either  is  at  its  greatest  dis- 
tance from  the  earth,  it  is  said  to  be  in  apogee. 

To  those  who  live  exactlyunder  the  equator,  the  poles  of  the 
world  appear  in  the  horizon  j  hence  that  situation  is  called  the 
right  position  of  the  sphere^ 

To  those  who  have  either  of  the  poles  of  the  world  in  their 
zenith,  the  horizon  coincides  with,  or  is  parallel  to,  the  e<^uator{ 
hence  tliat  situation  is  called  a  parallel  sphere. 

To  all  the  other  iuhabitants  of  the  eartn,  the  sphere  is  said  to. 
be  in  an  oblique  poMtioa,  because  the  equator  is  neither  perpen- 
dicular nor  parallel,  hut  oblique  to  the  horizon. 

These  definitions  and  explanations  are  brought  together,  for 
the  more  easy  reference  of  the  reader  ;  but  a  variety  of  others, 
with  more  enlarged  ej^planations  of  some  already  enumerated, 
will  be  necessary  as  we  proceed. 

Of' the  apparent  Motions  of  the  heavenly  Botlies. 

As  the  true  motions  of  the  heavenly  bodies  can  only  be  ob- 
tained by  a  careful  observation  of  tneir  apparent  ones,  it  ii 
absolutely  necessary,  for  those  who  wish  to  become  acquainted, 
with  them,  to  know  perfectly  the  di^erent  changes  which  take 
place  in  the  heavens  as  seen  from  the  earth,  the  only  place  from, ' 
which  man  can  make  any  observation.  By  carefully  attending 
to  these,  a  little  knowledge  of  optics  will  enable  us  to  unde^ 
stand  with  great  certainty,  not  only  the  true  system  of  nature, 
hut  also  what  appearance  the  heavens  would  make  to  a  spec- 
tator placed  in  any  part  of  the  visible  creation. 

When  we  cast  our  eyes  towards  tlie  heavens,  we  perceive  a 
vast  concave  hemisphere,  atan  unknown  distance,  and  of  which 
the  eye  secq^s  to  constitute  the  centre.  The  earth^orour  5en-> 
sible  horizon,  stretching  on  every  side  like  an  immense  plain,, 
appearii  to  meet  and  to  bound  the  heavenly  expanse.  The  sub, 
we  observe  to  rise  in  the  tast,  and  to  set  in  the  west;  aftefi 
which  the  moon  and  stars  appear,  still  keeping  the  same  wea 
terly  course,  till  we  lose  sight  of  them  altogether.  We  further 
discover,  upon  attentive  anu  repeated  observation,  that  Dei th«r, 

22.— Vol  I.  3  U 
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f  Upon  conBideritig  these  phenomena,  it  is  easy  to  conceire, 
*"*  -8  there  is  a  hemisphere  above  us,  there  is  also  its  coun- 
t  below  us,  though  invisible;  and  that,  of  course,  the 
,  with  all  its  inhabitants,  is  suspended  in  the  middle  of 
his  heavenly  aphere,  which  the  horizon  divides  into  two  parts. 
Sonsonantly  with  this  idea,  we  find,  that  the  remarkable  star 
tolled  the  pole-star  is  more  or  less  elevated,  according  to  the 

Efferent  parts  of  the  earth  from  which  we  take  our  view.     The 
habitants  of  Lapland,  for  iustance,  see  it  much  nearer  the 

tfcnith  that  we  do ;  we  see  it  nearer  the  zenith  than  the  inhabit- 
inis  of  France  and  Spain ;  and  they  a^in  see  it  nearer  the 
zenith  than  the  inhabitants  of  Barbary.  By  continually  travel- 
ling south,  this  star  would  be  seen  nearer  and  nearer  to  the 
horizon,  and  would  at  length  become  invisible.  Another  point 
would  then  appear  in  the  south  part  of  the  horizon,  round  which 
the  stars  in  that  quarter  would  seem  to  turn.  In  the  southern 
hemisphere,  however,  where  we  should  now  be  arrived,  there 
T9  no  star  so  near  the  pole  as  in  the  northern,  nor  is  the  num- 
ber of  stars  GO  great. 

"^  Henceweknqwtbat  if  the  opacity  of  the  earth  did  not  limit 
r  view,  the  general  appearance  of  the  heavens  would  be  that 
t  concave  sphere,  turning  round  two  points  fixed  in  the 
)Tth  and  south  parts  of  it  once  in  twenty-four  honrs. 
On  further  obseri'ation  of  the  stars,  we  find  the  greatest 
Biimberof  them  to  keep  their  places  with  respect  to  one  another, 
that  is,  if  we  observe  two  stars  having  a  certain  apparent  dis- 
tance from  each  other  this  night,  we  find  that  they  have  .the 
same  to-morrow,  and  every  succeeding  night;  but  we  by  no 
means  observe  them  to  have  the  same  places  with  respect  to  the 
sun  and  moon.  The  stars  that  do  not  appear  to  be  of  this  fixed 
kind,  are  very  few  in  number ;  the  naked  eye  can  see  but  seven, 
and  astronomers,  with  the  use  of  the  best  telescopes,  have  not 
added  more  than  four  to  that  number.  These  eleven  stars  are 
the  planets  and  asteroids  defined  in  the  preceding  section,  and 
they  change  their  places  very  remarkably  with  regard  to  the 
stars,  and  with  regard  to  each  other.  Sometimes  tbey  €eem  to 
be  moving  to  the  westward,  sometimes  to  the  eastward,  and 
sometimes  they  appear  stationary  for  a  considerable  time. 
There  are  other  bodies,  which  appear  only  occasionally,  move 
for  some  time  with  prodigious  velocity,  and  then  recede  from 
us  so  far,  that  they  cease  to  be  visible.  These  are  comets,  of 
which  the  number  is  unknown. 

To  obtain  correct  views  of  the  motions  of  the  heavenly 
bodies,  it  is  necessary  to  possess  the  means  of  indicating  with 
precision,  the  places  they  occupy.  This  is  done  by  several 
imaginary  lines  or  circles  supposed  to  be  described  upon  ihe 
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lay  go  round  the  globe  without  changing  his  meridian  ;  but  if 

e  travel  east  or  west,  he  changes  it  every  instant.  The  number 

rnieridians  may  therefore  be  supposed  to  be  infinite, but  a  very 

taall  number,  seldom  more  than  thirty-six,aredrawtiuponmap3 

fiid  globes.  At  raid-day,  when  the  sun  has  attained  his  greatest     ; 

ilevation,hi9  centre  is  precisely  on  the  meridian  of  the  place     / 

Wliere  he  is  observed,  and  the  moment  he  has  passed  the  merl-    ( 

I  i^an  he  declines  towards  the  west.  The  meridian  divides  thecir-  /' 

l-des  described  bv  the  stars  into  two  equal  parts,  and  those  stars  / 

which  never  sinit  below  the  horizon,  may  be  observed  to  cross 

^  twice  in  twenty-four  hours.     All  the  rest  of  the  stars,  as  well 

fa  the  aun,  do  the  Rnrae,  hut  »hen  they  pass  the  meridiaa 
elow  our  horizon,  they  are  of  course  invisJole  to  us. 
The  second  remarkable  azimuth  is  called  the  prime  vertical. 
B5t  divides  the  eastern  and  western  sides  of  the  horizon  into  two 
Fwqual  parts,  and  the  points  of  intersection  are  called  the  true 
FKist  and  west  points;  so  that  the  meridian  and  prime  vertical 
^cijifide  the  horizon  into  four  equal  parts, and  the  points  ofdivi- 
"■"Dn,viz.  the  north,  the  eait,  the  iou//i,and  the  itfsi.  are  called 
^.e  principal  points  of  the  horizon,  or  cardinal  points. 
These  tnree  great  circles,  viz.  the  equator,  the  meridian,  and 
rime  vertical,  form  the  basis  of  reference  in  observations  on 
e  heavenly  bodies,  and  it  is  therefore  necessary  to  detenuine 
eir  relative  situations.     If  the  pole-star  had  been  accura.tely 
r«t  the  pole  of  the  heavens,  nothing  more  would  be  necessary, 
tip  order  to  obtain  the  altitude  of  the  pole,  but  to  take  the 
utitude  of  this  star ;  but  as  it  is  at  the  distance  of  2  degrees 
i  the  pole,  2  degrees  must  he  added  to  this  altitude,  to  find 
liat  of  the  pole.     The  elevation  of  the  pole  being  known,  it  is 
asv  to  find  that  of  the  eauator.     Thus,  in  fi^.  1 ,  pi  II,  HMO, 
T  tne  visible  part  of  the  lieavens,  contains  180  degrees  ;  and 
I  ninety  degrees  from  the  pole  P,  to  E  the   equator.     If, 
efore,  we  take  away  PE  from  the  semi-circle  HMO,  there 
ains90  degrees  for  the  other  two  arcs,  PH,  and  EO,  that 
— ^,  the  elevation  of  the  pole  and  the  equator  are  tojjether  equal 
Wy>  90  degrees;  so  that  the  one  being  known,  and  subtracted 
^'pom  90,  it  will  give  the  other.     Hence  the  elevation  of  the 
ale,  at  any  place,  is  equal  to  what  the  elevation  of  the  equa- 
ir  wants  of  90  degrees  :  and  the  elevation  of  tlie  equator  is 
iqual  to  the  distance  from  the  pole  P  to  the  zenith  Af. 
I,  We  cannot,  under  ordinary  circumstanccB,  observe  the  sun's 
action  among  the  fixed  stars,  because  his  eplendour  prevents 
Eheir  being  seen ;  but  we  can  observe  the  instant  of  his  coming 
:  meridian,  and  bis  meridional  altitude.  We  can  also  com- 
what  point  of  the  starry  heavens  comes  to  the  same  meri- 
ian  at  the  same  time,  and  with  the  same  altitude.     Or  we  can 
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ot)serve  that  point  in  the  hes^vens,  which  comes  to  the  meridian 
atinidnight,  with  a  decKnation  as  far  from  the  equator  at  one 
side,  as  the  sun*s  is  on  the  other  side;  and  it  is  evident  that  the 
sun  must  be  in  that  part  of  the  heavens  which  is  diametrically 
opposite  to  this  point.  By^ither  of  these  methods,  we  obtain  a 
series  ofpointsinthe  heavens,  through  which  the  sun  passes  in  a 
year,  ana  a  line  supposed  to  be  drawn  through  them  all,  forms 
that  circle  called  the  ecliptic^  This  appellation  is  derived  from 
the  circumstance,  that  all  the  eclipses  of  the  sun  and  moon 
are  performed  either  actually  in  or  very  near  it. 

Tne  ecliptic  or  annual  path  of  the  sun  coincides  with  the 
equator  only  in  two  points;  for  the  sun  rises  above  the  equa- 
tor in  summer,  and  does  not  rise  so  high  in  winter.  Those  two 
poinls  of  the  ecliptic,  where  the  sun  is  situated,  when  he  is 
most  distant  from  the  equator,  are  called  the  solstitial  points, 
and  the  points  of  intersection  of  the  ecliptic  and  equator,  are 
vailed  the  equinoctial  points. 

The  equinoctial  colure  is  the  great  circle  which  passes  at  right 
angles  to  the  equator,  througn  the  equinoctial  points,  ine 
solstitial  colure,  is  another  great  circle  cutting  the  equator  at 
right  angles,  but  passing  through  the  solstitial  points,  apd 
through  the  poles  of  the  ecliptic. 

The  angle  whichthe  plane  of  the  ecliptic  makeswith  tht^t  of 
the  equator,  is  called  the  obliquitj/  of  the  ecliptic.  The  obliquity 
of  the  ecliptic  is  equal  to  the  elevation  of  the  sun  above  thei 
equator  when  in  either  solstice.     It  amounts  nearly  to  23  J*. 

The  smaller  circles  of  the  sphere  are  all  those  which  have  their 
centre  in  the  axis,  but  not  in  the  ceiitre  of  the  sphere;  two  of 
them  cut  the  solstitial  points,  and  their  planes  are  at  right 
angles  to  the  axis  of  the  world,  as  AC,  BD,  fig.  1,  pi.  11 ;  these 
are  called  ^ropzcs,  of  which  that  on  the  south  side  of  the  equator 
is  called  the  tropic  of  Capricorn,  and  that  on  the  north  side  of 
the  equator,  the  tropic  of  Cancer,  The  two  polar  circles,  FG, 
IK,  are  at  the  same  distance  from  the  two  poles  that  the  tro- 
pics are  from  the  equator,  namely  23J**. 

The  distanceoftheheavenlybodies  from  the  equator  is  called 
their  declination,  which  is  used  with  the  addition  of  North  or 
South,  to  denote  on  which  side  of  the  equator  they  are.  The 
sun's  (Jeclination  can  never  exceed  the  obliquity  of  the  eclip- 
tic ;  but  stars  have  all  degrees  of  declination,  because  they  have 
all  degrees  ofaltitude.  Great  circles,  drawn  through  the  poles  of 
the  equator, are  called  circles  of* declination,  ovmeridians,  because 


upon  them  declination  ismeasured.  Twenty-four  of  these  circles 

of  declination,  are  called  hour-circles :  because  each  contains 

15  degrees,  which  space  the  sun  passes  over  every  hour. ./   /•^-V-'^ 

The  ri^ht  ascension  of  the  heavenly  bodies  is  their  distance  /  T, 
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jom  the  first  point  of  Aries  t.  estimated  in  time  on  the  equa- 
BQr,  where  cut  by  a  declination  circle  passing  through  the  body, 
ieckoning,  as  above  stated,  15  degrees  for  every  hour. 
The  oblique  ascension  of  a  celestial  body  is  aii  arc  of  the  equa- 
.  extending,  accordiug  to  the  order  of  the  signs,  from  Aries 
a  thut  point  uftiie  equator  that  rises  with  the  star  in  an  oblique 
M)lieie;  and  the  didVrence  between  the  right  and  the  ohlique 
sion  of  the  body,  is  called  the  mceumual diff'tieuvt. 
E  latitude  of  a  star  is  its  distance  from  the  ecliptic,  mea- 
SiUried  on  n  circle  oj' latitude,  which  is  a  circle  perpeudicuiur  to 
ecliptic,  and  is  either  north  or  bouth,  as  the  star  is  situated 
^ther  on  the  north  or  south  side  of  the  ecliptic. 

'he  /o'j^t^ude  of  a  star  is  estimated  from  the  first   jiEiint  of 
-3  tc   the  place  where  a  line   from  the  star  would  cut  the 
ivould  cut  the  star's  circle  of  lungi- 
e  lesser  circles  parallel  to  the  tclip- 
Lcti 'diminish  as  they  recede  from  it.     The  longitude 
;^f  a  star,  is  of  course,  like  its  iatitudt;,  either  north  or  south. 

When  the  latitude  or  longitude  of  a  celestial  body  is  spoken 

Sf  as  if  that  body  were  seen  from  the  centre  of  the  sun,  it  is 

Tjid  to  be  heliocentric ;  but  when  the  body  is  supposed  to  be 

sen  from  tUe  earth,  its  latitude  or  longitude  is  said  to  be 

geocentric. 

f  the  Figure,  Motion,  and  Magnitude  of  the  Earth — Magui' 
tude  and  Distance  of  the  Sun  and  Moou — and  of  planelarj/ 
Motion. 


apliptic  perpendicularly,  or  wo 
Kide.    Circles  of  longitude  are  Ii 


7   Havin?  now  taken  a  superficial  1 
i  of  the  heavei 


of  the  general  pheno- 
mena of  the  heavens,  and  of  the  principal  linen  or  circles  which 
constitute  the  artificial  means  that  have  buen  adopted  to  give 
cision  to  our  ideas  in  speUking  of  these  phenomena  ; — we 
_iay  now  proceed  to  inquire  whether  the  evidence  of  vision 
Ldoes  notrequire  correction  from  our  judgment.  Tbu  examina- 
Liionof  our  first  impressions  will  lead  us  to  ascerlnin.  if  we 
f  ban,  the  real  figure  and  size  of  the  earth;  and  when  we  hove 
satisfied  ourselves  on  these  points,  we  may  then  proceed  to 
^consider  whether  the  earth  is  in  motion  or  at  rest,  for  till  we 
lave  done  this,  it  is  clear  we  can  form  no  rational  judgment  of 
Eibe  real  motions  of  the  stars. 

Mankind  at  first  considered  the  earth  to  be  an  illimitable 

-plain,  and  we  have  every  reason  to  suppose,  that  they  found  it 

Scult  to  divest  themselves  of  a  prejudice  so  natural.     Bi4 

(when  observations  of  certain  appearances  on  the  earth,  and  of 

She  motions  of  the  heavenly  bouies,  became  considerably  multi- 

^ied,  and  compared  with  each  other,  the  more  penetrating  of  our 
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forefathers  would  perceive  that  the  earth  could  not  possibly  be 
a  plain,  and  that  if  it  was  not  a  plain,  it  was  in  all  probability 
not  boundless.  In  the  flat  countries  of  the  East,  on  approach- 
ing any  elevated  and  very  distant  object,  it  would  be  perceived 
that  the  top  of  that  object  first  became  visible,  that  the  lower 
parts  appeared  in  regular  succession,  and  that  the  base  was 
seen*  the  last  of  all.  This  would  be  found  a  constant  phenome- 
non, dependin<^  upon  no  accidental  circumstance,  but  observ- 
able in  every  direction  ;  and  the  clearer  the  atmosphere,  and 
the  more  distinct  the  diiference  between  the  base  and  the  sum- 
mit, the  more  obvious  it  would  appear.  If  the  earth  were  a 
plain,  the  surface  of  water  might  certainly  be  expected  to 
exhibit  perfect  flatness;  the  local  ineoualities  of  the  land  were 
easily  accounted  for,  but  water  could  rest  only  at  a  perfect 
level.  When,  therefore,  in  sailing  'from  land,  it  was  found 
that  the  base  of  all  elevated  objects  disappeared  first,  and  all 
the  other  parts  in  succession,  in  a  still  more  regular  and  re- 
markable manner  than  upon  land,  a  doubt  could  hardly  remain 
of  the  curvature  of  the  earth's  general  surface  ;  the  progress 
of  knowledge  gradually  rendered  the  fact  more  evident,  and  at 
last  it  receivea  the  most  ample  confirmation,  from  a  circum- 
stance within  the  comprehension  of  everyone.  Magellan,  Sir 
Francis  Drake,  Lord  Anson,  Captain  Cooke,  and  others,  haye 
all,  at  different  times,  sailed  round  the  earth.  They  set  out 
from  European  porta,  and  by  steering  their  coupse  westward, 
arrived  at  length  at  the  very  place  they  departed  from ;  which 
could  not  have  happened,  had  the  eartn  been  of  any  other  than 
a  globular  figure.  These,  as  well  as  all  other  navigators  and 
travellers,  wnatever  the  direction  or  length  of  their  course 
still  find  themselves  surrounded,  as  much  as  those  who  never 
change  their  residence,  by  the  same  appearance  of  an  immense 
vault,  in  which  the  stars  are  beheld.  It  is  clear,  therefore, 
that  the  earth  has  nothing  analogous  to  what  men  would 
call  a  support,  but  that  it  exists  by  itself,  perfectly  detached 
from  all  otner  bodies,  "  in  the  unfathomable  expanse  of  the 
Universe." 

From  the  spherical  form  of  the  earth,  it  follows,  that  all  its  in- 
habitants, being  directed,  with  their  feettowards  the  centre  of  it, 
must  be  variously  inclined  to  one  another,  in  a  manner  easily  re- 
presented by  drawing  lines  from  the  circumference  of  a  circle  so 
as  to  point  to  its  centre,  or  still  better  by  sticking  pins  into  a 
ball  in  the  same  direction.  The  inhabitants  of  countries  diame- 
•ically  opposite,  are  called  the  antipodes  of  each  other. 

To  the  mind  just  entering  the  confines  of  philosophy,  it  seems 
a  strange  and  inconceivable  thing,  that  people  can  stand  on  every 
bide  of  a  globe,  and  that  there  can  be  those  who  have  theit 
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feet  opposite  to  ours ;  but  when  they  have  considered  a  iiltle  tlie 
nature  of  the  attraction  of  gravitnlion,  for  the  general  doctrine 
of  which  we  must  refer  to  the  pages  we  have  devoted  to  the  sub- 
ject, they  "ill  soon  perceive  that  the  greatest  absurdity  would 
be  to  suppose  the  contrary.  They  will  perceive  also,  that  the 
terms  up  and  down,  with  respect  to  the  universe,  have  no  ab- 
solute or  constant  meaning  ;  for  the  region  which  we  call  np- 
permoat,  is  opposite  the  feet  of  our  antipodes;  and  the  region 
opposite  our  feet,  is  consequently  above  their  heads.  But 
with  respect  to  the  earth,  the  words  up  or  down,  above  or  be- 
low, mean  the  situations  nearer  to,  or  farther  from  its  centre, 
to  which  all  bodies  on  its  surface  are  unceashigly  drawn,  in  a  . 
Trdit  line,  by  the  influence  of  eravitation.  i 

AVhen  the  globular  form  of  the  earth  became  clearly  nndef- 
iitood,  a  tolerable  idea  of  its  size  could  not  be  long  a  secret.    I 
We  iiave  the  record  of  the  attempt  to  measure  it  being  made  l 
650  years  before  the  Christian  era  j  but  the  first  time  that  great 
accuracy  was  shewn,  was  in  1635,  by  Richard  Norwood,  who  j 
measured  the  distance  between  London  and  York  with  a  chain";,  j 
then  having  ascertained  the  sun's  meridian  altitude,  for  the 
same  moment,  at  each  extremity  of  this  known  base,  iie  de-  , 
duced  that  a  degree,  or  the  360lh  part  of  the  earth's  circum- 
ference, amounted  to  69J  miles,  and  14  poles,  from  which  lie 
forrnd  that  the  circuit  of  the  earth  was  about  25,036  miles. 

When  the  size  of  the  earth  was  supposed  to  be  known,  the 
next  object  of  astronomical  investigation  might  very  properly 
be.  to  discoverlhe  size  and  distance  of  the  sun,  moon,  and  stars. 
To  offer  conjectures  respecting  these  bodies,  before  something 
like  adequate  ideas  uf  their  distances'  were  obtained,  would 
be  folly;  and  to  do  it  before  the  figure  and  size  of  the  earth 
were  demonstrated,  could  not  lead  to  any  satisfactory  conclu- 
sions. 

When  the  effects  of  the  sun,  in  giving  light  and  heat,  were 
compiired  with  the  effects  of  any  artificial  fire,  it  would  he 
admitted  by  the  most  ignorant,  that  the  size  of  that  luminary 
must  be  very  great ;  but  the  ideas  of  the  earliest  ages,  on  such 
n-snbject,  could  never  be  commensurate  to  the  truth.  We 
roust,  however,  leave  the  speculations  of  the  ancients,  with  ob- 
serving, that  every  method  which  ingenuity  could  deviae,  has 
been  tried,  to  resolve  the"  interesting  questions  of  the  sun  and 
and  moon's  distances  in  particular;  but  the  only  one  which 
can  satisfy  the  mind,  is  that  which  depends  upon  mathematical 
principles,  and  which  is  similar  to  that  employed  in  the  mea- 
surement of  distant  terreatria)  obiects.  From  the  two  extre- 
mities of  a  base,  whose  length  is  known,  the  angles  which  the 
v'Buat  rays  from  the  object,  whose  distance  is  to  be  measured, 
22— Vol.  I.  3X 
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b^en  improved,  the  more  have  been  discoVered/imd!  Dr.  Hec*! 
eefael  has«  in  oar  own  time^  added  at  leaat  30,000  td  those  for* 
meriy  known. 

Before  we  venture  upon  an^  speculations  with  respect  to  tiitf 
nature  of  the  fixed  stars,  it  will  be  proper  to  obtain,  if  poasible,. 
some  idea  of  their  distances*  For  this  purjpose,  w^  riius£  t&* 
mind  the  reader  of  the  nature  of  a  parallax,  which  signifies  the 
angle  subtended  by  the  visual  rayis  coming  from  an  object 
viewed  at  two  difl^rent  situations.  The  moon,  it  has  been 
shewn  at  page  622,  is  so  nelur  us,  that  its  distance  may  be 
ascfertainea  tolerably  well  by  a  horizontal  parallax,  which  is 
equivalent  to  viewing  it  from  two  situatiions  separated  by  the 
semi-diameter  of  the  earth,  or  nearly  4000  miles.  But  the  dis- 
tance of  the  sun  is  found  to  be  so*  great,  that  a  horizontal  pa- 
rallax will  not  give  a  satisfactory  result;  philosophers  there- 
fore, it  has  bee.n  sheMm,  turned  their  attention,  for  ascertaining 
the  distance  of  this  luminary,  to  the  transits  of  Venus,  bv  which 
nearly  the  whole  diameter  of  the  earth  formed  a  parallax,  and 
enabled  them  to  solve  the  problem.  Two  stations,  however, 
separated  by  the  whole  diameter  of  the  earth,  are  utterly  in- 
capable of  shewing  us  the  distance  of  a  fixed  star.  What  re- 
source then  has  human  ingenuity  left?  One  which  might  surely 
be  thought  sufficient,  that  of  viewing  and  taking  the  parallax 
of  these  bodies  from  two  opposite  parts  of  the  earth  s  orbit. 
This  is  called  the  great  parallax,  or  annual  parallax.  By  means 
of  the  zenith  sector.  Hook,  Flamsteed,  and  Bradley  observed, 
for  some  time,  at  the  spring  and  autumnal  equinox,  the  transit 
of  y  Draconis  over  this  perpendicular  telescope,  hoping  that 
the  diameter  of  the  earth's  orbit  might  make  an  angle  or  pa- 
rallax with  it.  They  were  disappointed.  The  star  was  seen 
so  near  the  same  place,  at  eacn  of  the  earth's  two  stations, 
which  are  nearly  200  millions  of  miles  distant  from  each  other, 
that  no  estimate  could  be  made !  Bradley  giiessed  there  might 
1)e  an  angle  of  about  two  seconds,  which  would  make  the  star 
400,000  times  further  from  us  than  the  sun.  Cassini  supposed 
the  annual  parallax  of  Sjrius,  which  of  all  the  fixed  stars  is 
considered  the  nearest,  to  be  six  secoAds,  from  which  it  was 
calculated  to  be  18,000  times  further  from  us  than  the  sun. 
Nothing,  however,  on  this  subject,  has  been  determined  with 
certainty,  except  the  simple  but  truly  astonishing  truth,  that 
the  space  of  2()0  millions  of  miles  is  an  insensible  point,  when 
compared  with  the  distance  of  the  nearest  fixed  star. 

The  next  telescopic  peculiarity  which  we  must  notice,  is, 
that  the  fixed  stars  have  no  commensurable  magnitude.  This 
IS  the  more  remarkable,  as  they  differ  from  each  other  so  much 
in  brilliancy;  but  when  examined  with  a  telescope,  however 
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d  to  e;  how  many  degrees  of.tlie  ninety  would  she  pass  through 
in  the  time  of  her  going  from  the  zenith  to  the  sensible  hori- 
zon, or  from  d  to  g,  which  being  taken  from  90",  or  tlie  qua- 
drant t/e,  will  leave  the  quantity  oflhe  archge,  or  the  angle  cS, 
Now  a^  the  angle  ri  is  equal  to  c  z,  we  are  in  possession  of  a 
right-angled  triangle  a  k  e,  with  a  side  and  an  angle  known  j 
for  a  k,  the  semi-diameter  of  our  globe,  is  nearly  SySO  miles; 
it  is  the  property  of  a  right-angled  triangle  to  have  its  sides 
proportional  to  the  sides  of  its  opposite  angles;  therefore  aa 
the  angle  ?j  is  to  its  opposite  side  a  k,  so  is  the  angle  o  to  ita 
opposite  side  k  e,  or  the  mean  distance  of  the  earth's  centre  • 
from  that  of  the  moon,  viz.  240,000  miles.  The  parallas 
an^le  «,  is  on  a  medium  about  57". 

The  Bun  is  so  distant,  that  his  parallax  or  angle  g  o  S  is  too 
small  to  be  measured  with  any  certainty  by  a  horizontal  paral- 
lax.    The  radius  of  the  earth  i^  indeed  found  to  be  an  almost 
insignificant  space  compared  \>ith  the  sun's  distance.      Dr. 
Halley  therefore  recommended  the  transits  of  Venus,  which    ' 
were  to  happen  in  the  years  1761  itnd  1769,  as  affording  tha, 
best  means  of  ascertaining  the  distance  of  the  sun.    The  tran- 
sit of  a  planet  takes  place  when  the  pturtet  comes  exactly  be-  j 
tween  tne  earth  and  the  sun,  whose  disc  it  traverses  in  thfl  I 
form  of  a  Email  round,  dark  spot.     Transits  can  only  be  ejc- 
hibited  by  the  planets  Mercury  and  Venus,  because  no  other  | 
have  their  orbits  within  Lliat  of  the  earth.     Only  two  transits    ' 
of  Venus  occurred  during  the  last  century,  and  there  will  not^  J 
be  another  till  187*.     By  these  transits,  which  were  very  care-  1 
futly  obstrved,  almost  the  whole  diameter  of  the  earth  formedi. 
a  parallax,  instead  of  the  above  semi-diameter,  by  which  a   ' 
commensurate  angle  was  thus  procured  ;  Venus  mo%es  in  he^  j 
orbit  in  the  direction  :  n,  fig.  4.  jd.  II,  and  from  the  centre  of  j 
the  earth  c,  would  be  seen  to  move  over  the  sun's  disc  from  (   , 
to  v;  an  observer  therefore  at  a.  would  see  the  contact  ati,  ai   , 
the  same  instant  that  one  at  b  would  see  the  planet  at  u;  and<, 
one  at  d  would  see  it  at  its  egress  at  v,  along  the  line  dVv^ 
This  would  be  the  case  were  tne  earth  at  rest ;  but  it  is  turninB  i 
on  its  axis  in  the  direction  ab  d.    Now  if  the  planet  stood  sliu 
at  V,  wliiie  the  earth  turned  from  a  to  d,  that  time  would  b©    i 
fasily  turned  into  the  parallactic  angle  aVd,  and  might  b^  I 
treated  like  that  of  the  moon  ;  hut  the  motion  of  Venus,  ai|  f 
well  as  that  of  the  earth,  was  to  be  taken  into  this  calculation.  1 
as  well  as  observations  made  in  diHerent  latitudes ;  afler  taking  | 
every  possible  precaution,  and  making  every  requisite  allow^'J 
ance,  the  sun's  parallax  was  found  to  be  about  8  ;  the  anclfi,   ' 
though  so  very  small,  admit'S  of  calculation,  and  the  sun's  dis- 
tance was  from  it  deduced  to  be  about  96  millions  of  mites. 
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The  distances  of  the  sun  and  moon  being  thus  determined, 
the  facility  of  ascertaining  their  size  is  comparatively  great; 


eye  by  an  object  is  easily 
distance  of  that  object.  Now  the  distance  gives  the  radius  of 
a  circle,  the  centre  of  which  is  at  the  pupil  of  the  spectator's 
eye,  and  on  the  circumference  of  which  is  the  object,  which 
we  will  suppose  to  be  the  sun.  Having  the  radius,  the  circum- 
ference of  tnis  immense  circle  is  obtained  by  the  common  arith- 
metical method;  and  when  we  have  the  circumference,  the  value 
or  extent  of  its  degrees  and  minutes  may  also  be  found.  There- 
fore, if  the  number  of  minutes  subtenaed  by  the  sun,  be  mul- 
tiplied by  the  value  of  a  minute,  we  have  the  diameter  of  that 
luminary.  In  ascertaining  the  distances  as  well  as  the  mag- 
nitudes of  the  sun  and  moon,  a  variety  of  mathematical  and 
mechanical  means  are  resorted  to,  in  order  to  secure  the  most 
accurate  results ;  but  it  would  be  useless  on  the  present  occa- 
sion to  enter  upon  the  consideration  of  the  details.  It  is 
enough  to  give,  with  their  results,  a  general  idea  of  the  pro- 
cesses employed,  and  to  observe,  that  by  the  latest  and  most 
careful  calculations,  the  moon  has  been  found  to  be  2180  miles 
in'diameter;  and  the  diameter  of  the  sun  883,246  miles.  The 
evidence  in  favour  of  these  dimensions  being  very  nearly  cor- 
rect, is  so  conclusive,  as  to  enforce  conviction  in  every  mind 
open  to  the  investigation  of  truth. 

When  the  sphericity  of  the  earth,  its  insulated  existence, 
and  its  magnitude,  have  becon>e  familiar  to  the  young  student; 
and,  keeping  in  mind  the  general  doctrine  of  attraction  aboVe 
referred  to,  when  he  has  further  compared  these  three  circum- 
stances with  the  correspondent  circumstances  of  the  sun  and 
moon,  he  will  then  perhaps  begin  to  inquire,  whether  the  real 
motions  of  the  sun  and  moon  are  such  as  they  appear  to  be, 
and  whether  the  earth  revolves  round  them,  or  they  round  the 
earth.  With  respfect  to  the  moon,  a  very  momentary  atten- 
tion will  give  satisfaction.  This  satellite  always  presents  to 
us  the  same  face  or  side;  therefore  she  revolves  round  the 
earth,  otherwise  this  would  be  impossible.  But  with  respect 
to  the  sun,  in  thus  consulting  his  judgment,  he  will  nave 
much  reason  for  doubt,  and  to  believe  that  the  evidence  of 
sense  is  fallacious.  The  sun  is  a  million  of  times  larger  than 
the  earth,  and  if  he  revolves  round  the  earth  in  twenty-four 
hours,  he  must  each  hour  advance  over  a  space  of  more  than 
24,000,000  of  miles.  That  a  body  of  such  prodigious  size 
should  revolve  at  such  a  rate  round  another  body,  which 
(like  the  earth  to  the  sun)  is  a  mere  point  when  compared 
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Constellatioin  on  the  North  Side  of  the  Zodiac  (continued.) 

No.  Prinoipal  Stan  aad 

CootteHftUoot.  of  Stan.  tbeir  MagnitadM. 

"rJer« ''.''?!  I   Hercule.  kneeling  113  lU.  Algiatha  . . . .    3 

%"&'!!..}   S^P*-*-- ^'   «"Alh«gu 3 

Taurus  Poniatowski 7 

Lyra TheHarp... 22  Vega. I 

Vulpecula  et  Anser . .  The  Fox  and  Goose  37 

^agitta T*he  Arrow 18 

Aqtiila  ......  .;....  The  Eagle .'•  40   Altair....^ 1 

Delphinus The  Dolphin  .....   18 

Cygnus TheSwan 73   Deneb  Adige •  •  •  •     1 

Equuleus The Hor8e*s Head..  10 

Lacerta The  Lizard  ......   16 

Pegasus The  Flying  Horse    85   Markab 2 

Andromeda 66   Almaac 2 


Constellations  on  tfte  ^outh  Side  of  the  Zodiac. 

No.  Piiaeipal  Stan  aid 

GoBttfUatiooi.  of  Start.  their  Masaitadti. 

Phoeni^  .,, Phenix 13 

Officina  sculptoria • 12 

Erida^us TheRiv.er^^^ 76  Achemar I 

Hydrus   .,... The  Hydra 10 

Cetus ..».  The  Whale  80  Menekar  •• 2 

Fornax  Chemica  ... •  •.•••••.••.••...  14 

Horologium ,.•••.••..••••  ^  12 

Reticulus  Rhomboidalis .  *  i  «'4  ."^i '.  V". . . . .  \  ^'  lO 

Xinhias The  Sword-fish....    7 

Celapraxitellis  .  •  •  • 16 

Leous TheHare 19 

Coiumba  Noachi .  • .  •  Noah's  Dove 10 

Orion •••• 78  Beteleuese  «««...    I 

Argo  Navis The  Ship  .•...••...•  ^0  Canopus«.,.«.. . .  • .     1 

CanisMajor The  Great  Dog.  •••  30  Sirius  •».•••••••    I 

Equuleus  Pictorius  •  •    • .  i . . . . , .  ;'i •  V. ; ;  ^  8 

Monoceros ..•  TheUnicom 31 

Canis  Minor The  Little  Dog... ••  14  Procyoa  ••• 1 

Chamoeleon Chameleon 10 

Pixis  Nautica  • • 4 

PiscisVolans The  Flybg  Fish  •  •     8 
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with  it,  is  as  absurd  as  to  suppose  that  a  grain  of  sand 
should  command  the  motion  of  a  mill-stone,  or  a  pepper- 
corn that  of  a  mountain.  It  would  be  totally  iireconcileable 
with  all  that  we  know  of  the  simplicity  of  the  laws  of  naturt^ 
which  always  accomplish  the  grandest  objects  by  the  simplest 
means  j  and  when  we  advanced  to  the  consideration  of  other 
celestial  phenomena,  we  should  find  our  difficulties  increase 
with  our  progress,  till  al  last  inextricable  confusion  beset  us. 
It  is  absolutely  necessaryto  relinquish  the  idea  that  the  earth 
is  immoveable,  and  philosophers,  after  the  most  minute  inve»- 
ligation  of  the  phenomena,  have  completely  shewn,  that  thfl 
earth  has  at  least  two  motions,  une  oji  its  own  axis,  called  its 
diurnal  motion,  which  causes  ii  lu  rievulve  from  east  to  west 
in  twenty-four  hours,  and  the  uclier  a  progressive  motion, 
called  its  annual  motion,  which  canies  it  round  the  sun  once 
in  a  year.  The  diurnal  motion  produces  the  regular  return  of 
day  and  night,  and  the  apparent  revoliilioji  of  the  sphere  ;  the 
annual  motion  produces  the  vicissitudes  of  the  seasons,  sum- 
mer, winter,  spring,  and  autumn. 

It  is  no  reason  against  the  rotation  of  the  earth,  tnat  we 
are  unable  to  perceive  it.  For  as  the  niotion  of  a  ship  at 
sea,  when  swiftly  sailing  over  the  smooth  surface  of  tha 
water,  is  not  perceptible  to  the  company  on  boaid;  cer- 
tainly we  may  expect  that  so  large  a  body  as  the  earth*, 
which  has  no  impediment  in  its  way,  or  resistance  to  overr^ 
come,  will  in  this  respect  deceive  tia  effectually.  It  has 
been  asserted  again,  that  if  the  earth  moved,  a  stone  drop- 
ped from  the  top  of  a  tower,  or  any  other  high  budding,, 
would  not  fall  just  at  the  bottom  of  it,  as  the  building;  must. 
have  advanced  considerably  forward,  during  the  time  of 
the  fall.  But  this  is  evidently  a  mistake;  for  it  is  well, 
known,  by  repeated  experiments,  that  if  a  body  be  projected, 
from  another  body  in  motion,  it  will  always  partake  of  the 
motion  of  that  other  body.  Thus,  a  stone  dropped  from  ths, 
top  of  a  mast,  while  the  ship  is  under  sail,  is  not  lel^  by  the 
vessel,  but  falls  exactly  at  the  foot  of  the  mast.  And  If  (i, 
bottle  of  water  be  hung  up  in  the  cabin,  with  its  neck  down- 
it  will  empty  itself;  drop  by  drop,  intd  another  vessel| 
exactly  underneath  it,  though  the  ship  shall  have  rua^ 
(any  feet  whilst  each  drop  was  in  the  air. 
The  motion  of  the  earth,  in  the  manner  stated  by  astrono*, 
rs,  being  admitted,  as  also  the  magnitudes  and  distancea, 
the  sun  and  moon,  the  remaining  wonders  of  astronomy^., 
_ugh  they  may  overwhelm  with  the  idea  of  immensity,  wul 
jarcely  excite  disbelief.  It  is  found  by  dan  as  indisputable,, 
I  those  which  establish  the  facts  hithert     mentionedi  that 
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the  nearest  fixed  stars  to  be  as  far  distant  from  each  other  as 
from  the  sun,  be  ooneludes  that  there  can,  strictly  speaking,  be 
only  13  stars  of  the  first  magnitude.  Heqce  at  twice  that  dis- 
taqce  from  the. sun  there  may  be  placed  four  times  as  many,  and 
so  OD ;  and  ithis  mod^e  of  calculation  gives  us  pretty  nearly  the 
tumber  xif  fltora  of  the  ficsC  second^  tnird,.  Sec.,  magnitudes. 

It  is  a  fact  no  less  singular  than  well  ascertained^  thatstan 
which  were  observed  by  the  ancients  aire  now  no  longer  to  be 
seen,  and  new  ones  have  appeared  in  different  places,  which 
Were  unknown  to  the  Wneients,  and  some  of  these  nave  also  dis^ 
appeared*  and  agatn  become  visible.  Hipparehus,  the  ancient 
astrodotoer;  having  observed  the  disappearance  of  a  star,  waa 
Induced  to  make  a  catalD^e  of  the  fixed  ^ars,  that  posterity 
might  judge  whether  any  other  change  took  place  among 
them.  Many  ages  afterwards,  a  i^ew  star  having  been  observed 
^y  Tycho  Brahe  and  his  contemporaries,  this  astronomer  also 
determined  to  make  a  catalogue  with  the  same  View  as  Hip* 
parchus.     Of  the  new  star  seen  by  Brabe,  and  on  the  subject 


iopeia  W!H&  not  seen  by 
8th  of  November  1572,  who  says,  he  that  night  considered 
that  part  of  the  heaven  in  a  very  serene  sky,  and  saw  it  not; 
but  that  the  next  night,  November  9,  it  appeared,  with  a  splen- 
dour surpassing  all  th^  fixed  stars,  and  scarcely  less  bright 
than  Venus.  This  was  not  seen  by  Tycho  Brahe  before  the 
11th  of  the  same  month  ;  but  from  thence  he  assures  ns  that  H 
gradually  decreased  and  died  away;  so  as  in  March,  1574,  after 
16  months,  to  be  no  longer  visible ;  and  at  this  day  no  signs 
^f  U  remain.  Its  place  in  the  sphere  of  fixed  stars,  by  the  ac- 
curate observations  of  tlhe  same  Tycho,  was  0*  9^  17'  a  W*t, 
with  51^  45'  north  latitude.  Such  another  star  was  seen  and 
obfierved  by  the  scholars  of  Kepler,  to  begin  to  appear  on  Sep- 
tember 30>  St.  Vet.  anno  1604,  which  was  not  to  be  seen  tne 
duy  b^Fove^  hot  itibroke  out  at  once  with  a  lustre  surpassing 
tbat-of  ittpiiter';  .and  lik^  the  former,  it  died  away  gradually, 
'and  in  jmuch.  aboMit  the  same  time  disappeared  totally,  there 
remaining  no  footsteps  thereof  in  January,  1605-6.  This  was 
near  th'e  ecliptic,  following  the  right  leg  of  Serpentarius ;  and 
by  the'  obflrervationa  of  Kepler  and  others,  was  in  7*  28^  0*  a 
l"**qr,  with  north  latitude  1^  66'.  These  two  seenx  to  be  of 
a  distinct  species  from  the  rest,  and  nothing  like  them  has 
appeared  since.  But  between  them,  viz.  in  the  year  1596,  we 
have  the  first  account  of  the  wonderful  star  in  Collo  Ceti,  seen 
by  David  Fabriciiis  on  the  14th  of  August,  as  bright  as  a  sttw 
4>f  the  .third  magnitude,  which  heis  beeii  sinoe  found  toappe^^ 
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forces  had  indeed  been  proposed  by  Horrox,  before  hia  timCul 
will]  the  same  view  ;  and  the  power  of  gravity,  as  existing  i£  ■ 
the  celestial  regions,  had  been  intimated  by  several  philoso-< 
phers;  but  their  ideas  appeared  as  little  belter  than  vague 
speculations,  and  were  almost  unnoticed  by  the  world.     Aav  ] 
Newton  was  ignorant  of  any  natural  power  by  which  the  pla:-   ; 
nets  could  be  impelled  in  the  direction  of  a  tangent  line  to' 
any  part  of  iheir  orbits,  he  had  recourse,  for  one  of  the  forces, 
to  the  immediate  action  of  the  Deity.     Accordin>^  lo  him.,  i 
God  having  created  this  world,  impressed  the  universal  law  of.  \ 
attraction  orj>;ravitation  upon  matter,  and  impelled  each  of  th^  J 
planets  in  the  direction  of  a  right  line  touching  their  orbiti-  I 
Being  immediately  acted   upon  by  the  attraction  of  the  sun,  ' 
their  courses  were  bent  from  a  straight  Tme  into  a  curve;  anij 
the  same  causes  still  continuing  to  act,  the  original  reclilinea^ 
direction  was  changed  into  one  nearly  circular,  which  has  con-- 
tinued  ever  since.     The  same  mode  of  reasoning  is  applicable^  I 
to  the  continued  motion  of  the  secondary  planets  round  theih  I 
primaries.     The  manner  in  which   Sir  Isaac  Newton  ilemoa-i  r 
strates  the  operation  of  the  projectile  and  gravitating  forces   ■ 
upon  the  planets,  so  as  to  direct  them  in  circles  round  tJic  sunV 
is  by  supposing  the  orbits  they  describe  divided  into  infinitely 
small  parts,  each  of  which  will  not  diiTer  froni  a  riglit  line,  antl 


aisting.   I 
fwhoitt  j 


consequently  the  whole  curve  may  be  considered  a 
of  the  diagonals  of  parallelograms  infinitely  small,  < 
sides  is  represented  by  the  space  which  the  planet  would  hav^.  1 
moved  through  by  the  projectile  force  alone,  and  the  other  bjT 
that  which  it  would  have  moved  through  by  the  force  of  gravity,  . 
alone,  in  the  same  time,     To  those  who  would  enter  deeply    ' 
into  the  subject,  NewtoiVs  Principia  will  afford  ample  gratiff-  - 
cation,  but  it  will  better  suit  our  purpose  of  popular  illustra- 
tion to  adopt  the  following  explanation  of  Ferguson: 

••  From  tlie  uniform  projectile  motion  of  bodies  in  straigbl  j 
lines,  and  the  universal  power  of  attraction  which  draws  theni 
off  from  these  lines,  the  curvilineal  motions  of  all  the  planet^   ' 
arise.     If  the  body  A  be  projected  along  the  right  line  ABX^   i 
fig.  5,  pi.  II,  in  open  space,  where  it  meets  with  no  resist* 
ance,  and  is  not  drawn  aside  by  any  other  power,  it  will  for 
ever  ^o  on  with  the  same  velocity  and  in  the  some  directioili'   , 
For  tlio  force  which  moves  it  from  A  to  B  in  any  given  tim^ 
will  carry  it  from  B  to  X  in  as  much  more  time,  and  so  on'j  ^ 
there   being  nothing  to  obstruct  or  alter  its  motion.      But 
if,  wlien  this  projectile  force  has  carried  it,  suppose  to  B,  tho 
body  S  begins  to  attract  it,  witli  a  power  duly  adjusted,  and 
perpendicular  to  its  motion  at  B,  it  will  then  be  drawn  from 
ilic  straight  line  ABX,  and   forced   to  revolve  about  S  in 
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the  circle  BYTU.  When  the*body  A  comes  to  U,  or  any 
other  part  of  its  orbit,  if  the  small  body  u,  within  the  sphere 
of  U's  attraction,  be  projected  as  in  the  ri^ht  line  Z,  with  a 
force  perpendicular  to  the  attraction  of  U,  then  u  will  go 
round  U  in  the  orbit  W,  and  accompany  it  in  its  whole  course 
round  the  body  S.  Here,  S  may  represent  the.  sun,  U  the 
earth,  and  u  the  moon. 

"  If  a  planet  at  6  gravitates,  or  is  attracted  towards  the  sun, 
so  as  to  fall  from  B  to  y,  in  the  time  that  the  projectile  force 
would  have  carried  it  from  B  to  X,  it  will  describe  the  curve 
BY,  by  the  combined  action  of  these  two  forces,  in  the  same 
time  tliat  the  projectile  force  singly  would  have  carried  it  frpm 
B  to  X,  or  the  gravitating  power  singly  have  caused  it  to  de- 
scend from  B  to^;  and  these  two  forces  being  duly  propor* 
tioned  and  perpendicular  to  each  other,  the  planet  obeying^ 
them  both,  will  move  in  the  circle  BYTU.  To  make  the  pro- 
jectile force  balance  the  gravitating  power  so  exactly,  as  that 
the  body  may  move  in  a  circle,  the  projectile  velocity  of  the 
body  must  be  such  as  it  would  have  acquired  by  gravity  alone 
in  falling  through  half  the  radius  of  the  circle. 

"  But  if,  whilst  the  projectile  force  would  carry  the  planet 
from  B  to  b,  the  sun's  attraction  (which  constitutes  the  pla- 
net's gravitation)  should  bring  it  down  from  B  to  1,  the  gra- 
vitating power  would  then  be  too  strong  for  the  projectile 
force,  and  would  cause  the  planet  to  describe  the  curve 
BC.  When  the  planet  comes  to  C,  the  gravitating  power 
(which  always  increases  as  the  square  of  the  distance  from 
the  sun,  S,  diminishes)  will  be  yet  stronger  for  the  projec- 
tile force,  and  by  conspiring  in  some  degree  therewith,  will 
accelerate  the  planet's  motion  all  the  way  from  C  to  K; 
causing  it  to  describe  the  arcs  BC,  CD,  DE,  EF,  Sec.  all  in 
equal  times.  Having  its  motion  thus  accelerated,  it  thereby 
gains  so  much  centrifugal  force,  or  tendency  to  fly^  off  at  K, 
in  the  line  K  k,  as  overcomes  the  sun's  attraction ;  and  the 
centrifugal  force  being  too  great  to  allow  the  planet  to  be 
brought  nearer  the  sun,  or  even  to  move  round  him  in  the 
circle  K  Ijm  n,  it  goes  off,  and  ascends  in  the  curve  KL  MN, 
8cc.  its  motion  decreasing  gradually  from  K  to  B,  as  it  in- 
creased from  B  to  K,  because  the  sun's  attraction  now  acts 
against  the  planet's  projectile  motion  just  as  much  as  it  acted 
with  it  before.  When  the  planet  has  got  round  to  B,  its  pro- 
jectile force  is  as  much  diminished  from  its  mean  state  about 
F  or  M,  as  it  was  augmented  at  K;  and  so  the  sun's  attraction 
being  more  than  sufficient  to  keep  the  planet  from  goin|^  off 
at  B,  it  describes  the  aame  orbit  over  again,  by  virtue  of  the 
same  forces  or  powers. 
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"  A  double  projectile  force  will  always  balance  a  quadrupl*  j 
power  of  gravity.  Let  the  planet  at  B  have  twice  as  great  W  ] 
impuUe  from  thence  towards  X,  as  it  had  before ;  that  is,  in  1 
the  same  length  of  time  that  it  was  projected  from  B  to  b,  as  tnf 
the  last  example,  let  it  now  be  projected  from  B  to  c:  and  it  ! 
wilt  require  four  times  as  much  gravity  to  retain  it  in  its  orbit}  ] 
that  is,  it  must  fall  as  far  as  from  B  to  4,  in  the  time  that  thai  I 
projectile  force  would  carry  it  from  B  to  c;  otherwise  it  would  I 
not  describe  the  curve  BD,  as  is  evident  by  the  figure.  BuB  I 
in  as  much  time  as  the  planet  moves  from  B  to  C,  in  the  higher  1 

f>art  of  its  orbit,  it  moves  from  I  to  K,  or  from  K  to  L,  in  tM  ] 
ower  part  thereof;  because,  from  the  joint  action  of  the 
two  forces,  it  must  always  describe  equal  areas  in  equal  timetf  | 
throughout  its  annual  course.  These  areas  are  represented  1 
by  the  triangles  BSC,  CSD.  DSE.ESF,  &c.  whose  coiitenta  } 
we  equal  to  one  another  quite  round  the  dguie.  ' 

"As  the  planets  approach  nearer  the  sun,  and  recede  far** 
ther  from  him,  in  every  revolution;  there  may  be  some  diffi^ 
culty  in  conceiving  tbe  reason  why  the  power  of  gravity,  wheal  | 
it  once  gets  the  better  of  the  projectile  force,  does  not  briititf  | 
the  planets  nearer  and  nearer  the  sun  in  every  revolution,  till  I 
they  fall  upon  and  unite  with  him ;  or  why  the  projectile  force/ 
when  it  once  gets  the  better  of  gravity,  does  not  carry  the' 
planets  farther  and  farther  from  the  sun,  till  it  removes  them 
quite  out  of  tbe  sphere  of  his  attraction,  and  causes  them  to 
go  on  iu  straight  lines  for  ever  afterward.  But  by  considering 
the  effects  of  these  powers,  as  already  described,  this  difficulty 
win  be  removed.  Suppose  a  planet  at  B  to  be  carried  by  the 
projectile  force  as  far  as  from  B  to  b,  in  tbe  time  that  gravity 
would  have  brought  it  down  from  B  to  1 :  by  these  two  forces 
it  will  describe  the  curve  BC.  When  tlie  planet  comes  down 
to  K,  it  will  be  but  half  as  far  from  the  sun,  S,  as  it  was  at  E; 
and  t|lierefore,  by  gravitating  four  times  as  strongly  towardg 
him,  it  would  fall  from  K  to  V  in  tbe  same  length  of  time  that 
it  would  have  fallen  from  B  to  1  in  the  higher  part  of  its  orbit, 
that  is,  through  four  times  as  much  space;  but  its  projectile 
force  is  then  bo  much  increased  at  K,  as  would  carry  it  from 
K  to  kin  the  same  time,  being  double  of  what  it  was  at  B;  and 
is  therefore  too  strong  for  the  gravitating  power,  either  to 
draw  the  planet  to  the  sun,  or  cause  it  to  go  round  in  the 
circle  Klm/i,  which  would  require  its  failing  from  K  to  to, 
through  a  greater  space  than  gravity  can  draw  it,  while  the 
projectile  force  is  such  as  would  carry  it  from  K  to  k;  and 
therefore  the  planet  ascends  in  its  orbit  KLMN,  decreasing  in 
its  velocity,  for  the  causes  already  assigned. 

"  By  the  above-mentioned  law,  bodies  will  move  in  ftll  kinds 
23.- Vol.  I  3  Y 
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^felUpftfiB,  whftth^  long  t>r  short,  if  the  spaces  tbey  moVe  in 
l>«  Toid  oTresifitance.  Only,  those  which  move  in  the  longef 
(ellipses,  bav^  so  tnucb  the  less. projectile  force  impressed  «pofi 
theni  in  thfe  higher  part3  of  tbeir  orbits;  and  their  velocitieS| 
hi  commit  doivn  towards  the  sua,  are  so  prodigiously  in* 
creased  by  his  attraction^  that  their  centrifugal  forces,  in  the 
kmer  parta  of  their  orbits,  are  so  great  as  to  overcome  the 
sun*s  attractioii  there»  and  catuse  them  to  ascend  again 
towards  the.  higher  parts  of  their  orbits;  during  which  time 
tiie  sun'a. attraction  acting  <o  contrary  to  the  motion  of  those 
bodies,,  causes  them  to  move  slower  and  slower,  until  tbe 
projectile!  fqtoes  are  diminished  almost  to  nothing;  and  thert 
they  .are  , brought  back  again  by  the  sun's  attraction,  m 
befxire/V 

Ttie  celebrated  Kepler  discoi^fed>  by  assidaous  observatioD, 
the  two  remarkable  laws  of  planetai^  motion;  and  in  honoui* 
of  liiin  ihe/^^.ore  called  Kepler's  laws.  Sir  Isaac  Newton 
deiaonatrated'  them  according  to  the  above  theory  of  altiue>-> 
Uon,  aiidtthey  ahew,  in  a  remarkable*  manner,  the  harmony  oP 
the  celestial  motions  a   * 

I.  If  a  straight  line  be  drawn  from  a  planet'to  the  son,  .aiut 
this  line  .beimppofeed  to  be  carried  along  by  the  periodical' 
motion  of  the. planet,  then  the  areas  wbicn  are  described  by' 
this  right  line  and  the.  path  of  the  planet,  are  proportiofial  to* 
the  times  of  the  planets  motion;  ibr  instanjce,  the  area  thsa^ 
described  in  two  hours,  i&  the  double  of  that  which  is  de« 
scribed  in  one  hour,  and  a  third  part  of  that  which  is  described' 
in  six  hours;  though  the  are  which  is  described  by  the  planet' 
itself  in  two  honra,  is  not  the  double  of  the  arc  wnich  is: 
described  by  the  same  in  one  hour;  nor  the  third  part  of  that 
which  is  described  }n  six  hours. 

II.  The  planets  are  at  different  distances  from  the  sun,  and 
perform  their  periodical  revolutions  in  different  times ;  bi^t  the 
cubes  of  theiir  distances,  or  of  the  prtncipal  axes  of  their 
elliptical. orbits,  are  constantly aa the aquavesofi their  periodi* 
cal  singes,,  vifi.  of  the  tinjies  of  their  perfonutng  their  periodical 
revolutionau> 

Thasain  fbrmsitfae  centre  of  attraction,  iK>ui]d  which  afl  the' 
planets  move;   but  all  the  plaiiets  and  comets,  according  te 
the  qAiontities  of  matter  ihey  contain^  and  their  distance,  exert 
their  poAirev  of  attraction  upon  the  sun.     The  sun,  therefore,  ia 
not  atxest;  .butaahis  mag^nitade  so  greatly  exceeds  that  of  all 
the  pluiieta  Bind,  comets^put  together,  and  as  these  exert  theiv 
alti^ctive  powers  in.  oponsitedirectiona,  from  hep ng  on  oppo*^ 
site  sides,  the  centre  of  gravity  of  the  whole  syitera^  whicn  i^^ 
the.. point  round  .which  tbe  sun  perfoma  a.eirc«it»  is  alwety^ 
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near  liim,  and  generally  within  his  body.  From  the  graiitt  i 
principle  of  universal  attraction,  also,  it  follows  that  lh4  '| 
planets  must  attract  each  other;  and  in  fact  it  has  not  escaped  j 
the  observation  of  philosophers,  that  they  sensibly  disturb  ] 
each  other's  motions.  When  any  tno  planets  are  in  con- 
junction, their  mutual  attractions,  which  tend  to  bring  therii  i 
nearer  to  one  another,  draws  the  inferior  one  a  little  farther 
from  the  sun,  and  the  superior  one  a  little  nearer  to  him;  by  1 
which  means  the  6gure  of  their  orbits  is  somewliat  alterecl,  J 
though  the  alteration  is  too  small  to  be  discovered  in  several  | 
ages. 

The  orbits  of  such  planets  as  have  one  or  more  moons,  are  ] 
stilt  more  remarkably  disfigured  by  the  attraction  of  tKese   | 
attendants;    for  example,  the  point  which  describes  tl^  orbit 
of  the  earth  round  the  sun,  is  not  the  centre  of  the  earth,  but 
the  common  centre  of  gravity  of  the  earth  and  moon,  and  which 
is  found  by  calculation,  on  comparing  their  quantities  of  mat- 
ter, to  be  about  2000  miles  from  the  earth's  surface.  But  thgsa 
irregul&rities,  while  they  shew  the  truth  of  the  theory  that   I 
accounts  for  them  all,  are  too  inconseriucntial  to  re^ul^i  thitcV  ] 
notice  in  a  popular  view  of  the  solar  system.  '* 

^_  0/'  the  Sofar  Si/item. 

™  The  plate,  marked  Solar  SysteM,  is  intended  to  give  Htt'IdlS 
of  the  appearance  of  that  system,  could  a  spectator  view  it  frdfli 
a  considerable  distance  above  the  sun.  in  a  line  perpendiculi(*  I 
to  the  earth's  orbit.     In  every  plan  of  this  kind,  however,  sorcrtf  J 
sacrifices  of  strict  propriety  are  made  for  the  sake  of  couwtf^  I 
nience.     The  sun  is  only  supposed  to  be  seen  by  the  radiancjr  ] 
he  throws  around;  the  planets  and  their  satellites,  with  thtfl"  ] 
distances  from  the  centre  of  the  sun,  are  not  exhibited  in  d^e 
proportion;  and  the  orbits  of  alt  the  planets  are  fepreatnt'eij'' 
by  circles,  from  which  the  reader  will  recollect  they  differ  so' 
little,  that  though  in  reality  ellipaes,  they  could  scarcely  on  so 
small  a  ficale  be  distinguished  from  circles.     Of  the  comets,' 
but  four  are  noticed,  each   moving  in  an  orbit  of  different 
eccentricity,  bnt  the  actual  number  of  these  bodies  is  known 
to  be  very  considerable,  though  by  no  nutans  determined. 

To  a  spectator,  situated  where  we  have  supposed,  above  thii" 
Eun,  the  planetary  motion*  would  appear  extremely  regulai-:' 
but  it  is  easy  to  conceive,  that  to  ohe  situated  siaewnys,  or' 
vieiving  them,  for  example,  as  from  the  earth,  th'ey  will  exhibit 
great  anomalies.  Accordingly,  the  planets  sometimes  appear ' 
to  be  going  fortvards,  sometimes  backwards,  and  sometirtie3'' 
appeac'ito  bd  ■Wttiotwrry.    Th«»e  iri«g«lapiiie»  are  atich  «»' 
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effeaiion;  »o  that  the  total  annihila;tioti  of  tha  system  that 
jappears  so  rast  to  falin,  Urould  be  like^  the  abstraction  of 
poibing  fVota  the  tinivefse.  On  the  winffs  of  conjecture, 
indeed,  ^ut  still  with  analogy  by  our  side,  we  may  take 
h  still  more  eminent  if  not  expansiye  Tiew.  If  there  are 
reasons  to  believe  that  every  orb  of  the  solar  system  is  in*- 
habited,  tbere  are  reasons  scarcely  less  strong  for.believins 
that  every  star,  and  every  orb  attending  every  star,  is  created 
and  exists  only  for  the  same  ^reat  purpose.  What  incom- 
municable fe.eli|}giB«  do  these  v^ews  excite!  Perhaps  all  the 
stars  th^t  we  can  discover,  and  all,  of  the  existence  of  which 
we  can  obtain  any  evidence,  form  a  very  Unite  part  of  the 
total  number!  yetj  is  it  possible  by  any  other  means,  to  ob- 
tain so  admirable  a  view  of  Infinite  Power  and  Infinite  Wis- 
dom, as  may  be  derived  from  the  contemplation  of  the  at- 
tributes of  that  Being  who  has  created,  ana  ntaintains,  even 
that  portion  which  we  can  actually  discern  of  the  stupendous 
fabric  of  Universal  Nature  1 

Ot  THE  Tides. 

Having  now  ranged  over  the  mighty  field  of  astronomical 
research,  we  must  next /proceed  to  ^^onsider  a  variety  of 
phenomena,  resulting  from  the  general  laws  of  nature,  wnich 
are  particularly  and  immediately  interesting  to  us  as  in- 
habitants of  the  earth,  but  which  would  have  too  much 
interrupted  our  general  view,  if  we  had  entered  sufficiently 
into  the  details  or  them  in  the  course  of  our  progress.  Here 
then  we  shall  in  the  first  place  advert  to  those  remarkable 
fluctuations  of  the  ocean  called  Tides. 

The  apparent  connection  subsisting  between  the  movements 
of  the  ocean  and  those  of  the  moon,  has  been  observed  from 
the  earliest  periods  of  antiquity;  but  it  was  Kepler  who  first 
asserted  that  the  moon's  attraction  was  the  real  cause ;  **  If,'* 
says  he,  "  the  earth  ceased  to  attract  its  waters  towards  itself, 
all  the  water  in  the  ocean  would  rise  and  flow  to  the  moon. 
The  sphere  of  the  moon's  attraction  extends  to  our  earth,  and 
draws  up  the  water."  Sir  Isaac  Newton  afterwards  demon- 
strated the  consonance  of  the  cause  assigned  by  Kepler,  with 
his  theory,  of  universal  gravitation,  and  explained  at  the  same 
time  the  cause  of  the  tides  on  the  side  of  the  earth  opposite  to 
the  moon,  and  from  his  time  to  the  present,  not  a  doubt  has 
been  entertained  on  the  subject. 

The  principal  phenomena  of  the  tides  are  as  follows ; 

1.  The  sea  is  observed  to  flow  for  about  six  hours  from  south 
tc  north,  gradually  swelling;  after  this  it  seems  to  rest  for 
a  quarter  of  an  hour;   and  then  to  ebb  or  retire  back  again 
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JjOlcanoes  rapidly  blazing  out,  after  the  dark  smoky  matter, 
which  produced  the  maculee,  became  dissipated  by  combus-  ' 
tion.  But  these  ideas  partook  very  much  oT  the  vagaries  of 
imagination;  they  possessed  nothing  admirable  in  themselves, 
and  no  attempt  was  made  to  render  them,  in  a  satisfactory  man- 
ner, consistent  with  alt  the  phenomena.  In  the  year  1788.  how- 
ever, appeared  a  dissertation  by  Edward  King,  F.R.S.  which 
contained  many  original  remarks:  this  philosopher  asserted, 
that  the  real  body  of  the  sun  is  less  than  its  apparent  diameter ; 
that  we  never  discover  the  real  body  of  the  sun  itself,  except 
when  we  behold  its  spots,  (raaculs,)  that  the  sun  is  inhabited  a» 
well  as  our  earth,  and  is  not  necessarily  subject  to  burning  heal ( 
and  that  there  is  in  reality  no  violent  elementary  heat  existing 
in  the  rays  of  the  sun  themselves  essentially. 

Several  years  after  the  publication  of  these  opinions  by 
King,  Dr.  Herschel  began  to  publish,  in  the  Philosophical 
Transactions,  his  theory  concerning  the  nature  of  the  sun, 
and  to  which  he  was  led  by  his  numerous  observalions,  made 
with  his  admirable  instruments,  and  the  most  persevering 
industry.  This  theory  has  received  a  degree  of  acceptance 
proportionate  to  the  skill  with  which  it  was  established,  and 
we  subjoin  the  following  outline  of  it: 

The  Doctor  considers  the  sun  to  be  a  magnificent  habitable 
globe,  surrounded  by  a  double  set  of  clouds.  Those  which 
arc  nearest  its  opaciue  body,  are  less  bright  and  more  closely 
connected  together  tlian  those  of  the  upper  stratum,  which 
form  the  luminous  apparent  globe  we  behold.  This  luminous 
external  matter,  be  observes,  is  neither  a  liquid  nor  an  elastic 
fluid  of  an  atmospheric  nature;  for  in  either  of  these  two 
cases,  it  would  not  admit  of  any  chasms  or  openings.  There- 
fore, it  must  be  concluded  that  this  shining  matter  exlsta 
it  the  manner  of  empyreal,  luminous,  or  phosphoric  clouds, 
residing  in  the  higher  regions  of  the  solar  atmosphere. 
The  Doctor  then  is  of  opinion  that  the  spots  are  only 
accidental  openings  between  the  luminous  clouds,  througa 
which  we  benold  the  opaque  body  of  the  sun,  or  the  inferior 
less  luminous  clouds;  hence  the  spots  appear  of  different 
shades.  The  Doctor  rejects  the  terms  macules,  faculee,  luculi, 
and  others  previously  in  use,  and  substitutes  the  following,  as 
better  adapted  to  express  what  he  considers  the  true  pheno> 
mena  of  the  sun. 

Optiiingi  are  those  places  where,  by  the  accidental  removkl 
of  the  luminous  clouds  of  the  sun,  its  own  solid  body  may  bs 
seen;  and  this  not  being  lucid,  the  openings  through  which 
we  see  it  may,  by  a  common  telescope,  be  mistakea  for  mert 
blaclt  spots  or  their  nuclei.    - 
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may  arise  from  the  situation  of  the  moon'd  orbit,  and  tim 
distance  of  the  syzygy  from  the  equinox. 

9.  As  the  mean  force  of  the  moon  to  move  the  sea.  is  to 
that  of  tlie  sun  nearly  as  3  to  1 ;  if  the^action  of  the  sun  alone 
would  produce  a  tide  of  two  feet,  which  it  is  said  to  do,  then 
that  of  the  moon  will  be  six  feet;  hence  the  spring-tides  will 
be  eight  feet,  and  the  neap  tides  four  feet. 

These  phenomena  take  place  where  the  ocean  is  sufficiently 
extended' to  admit  of  those  motions  which  the  actions  of  the 
sun  and  moon  have  a  tendency  to  impart;  but  they  are  vari- 
ously modified  by  the  obstacles  which  the  water  meets  with 
in  its  course;  from  the  direction  of  the  wind;  from  straits 
and  gulfs;  from  capes,  bays,  and  other  peculiarities  of  the 
shores  of  different  countries;  so  that  on  some  shores, little  or 
no  tide  is'  observed,  and  on  others  they  rise  far  beyond  the 
amount  determined,  without  taking  into  consideration  the 
modifying  circumstances. 

The  tides  are  propagated  to  great  distances  in  large  rivers; 
and  at  the  strait  of  Pauxis,  in  the  river  of  the  Amazons,  they 
are  sensible  at  600  miles  from  the  sea. 

In  explaining  the  general  principles  on  which  the  tides 
depend,  it  must  be  observed  and  remembered,  that  if  the  ac^ 
tion  of  the  moon  Yfeve  equal  upon  every  part  t>f  the  ocean,  we 
should  have  no  tides;  it  is  the  inequality  of  its  action  that  pro- 
duces them.  The  action  of  the  moon  is  greatest  in  the  direc- 
tion of  a  line  that  would  join  its  centre  of  gravity  with  that  of 
the  earth;  to  this  line  as  an  axis,  the  ocean  rushes  up  from 
every  side,  and  as  this  line  moves,  the  water  which  flowed  up 
to  it  at  the  first  moment  of  the  moon's  action,  continues  to 
move  along  with  it.  The  inequality  of  the  moon's  action  is 
not  so  great  as  to  counteract  the  cohesion  which  the  solid 
parts  of  the  earth  have  to  each  other,  and  therefore  they  are 
unaffected  by  it;  but  the  particles  of  fluids  move  among  each 
other  with  such  facility,  that  they  receive  it  readily.  To  under- 
stand more  fully  why  the  moon  exerts  an  unequal  action  on  the 
earth,  it  is  necessary  to  recollect  that  the  power  of  gravity  di- 
minishes as  the  square  of  the  distance  increases;  and  therefore 
the  waters  of  the  earth  ABCDEFGH,  fig.  1,  pi.  IV,  must  be 
more  attracted  at  Z,  on  the  side  next  the  moon,  M,  than  at  the 
central  parts  of  the  earth,  O ;  and  the  central  parts  are  more  at- 
tracted by  the  same  power  than  the  waters  on  the  opposite  side 
of  the  earth  at  N;  and  therefore  the  distance  from  the  earth's 
centre,  and  the  waters  on  its  surface  under  and  opposite  to  the 
moon,  will  be  increased.  For,  let  there  be  three  bodies  at  H, 
O,  and  D;  if  they  are  all  equally  attracted  by  the  bod/ at  M, 
they  will  all  move  equally  fast  towards  it,  their  mutual  distances 
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Biey  may  never  occur  twice  precisely  at  the  same  place 
"■  spots  attributed  to  the  projection  of  the  solar  mountains 
ite  fixed  with  respect  to  the  sun's  surface,  and  are  those  by 
which  the  sun's  rotation  on  his  axis  has  been  determined. 
B^r.  Herschel,  taking  into  consideration  the  great  attraction 
Mxerted  by  the  sun  upon  bodies  placed  at  its  Burfuce,  aDd  the 
B#low  revolution  it  has  about  its  axis,  thinks  that  the  Eolar 
I^ountains  may  be  more  than  300  miles  high,  and  yet  stand 
■iFery  firmly. 

1 1  Dr.  Young,  in  opposition  to  the  theory  of  Dr.  Herachel, 
[Urgues,  that  if  we  inquire  into  the  intensity  of  the  heat  which 
J  must  necessarily  exist  wherever  this  combustion  is  peiformed, 
shall  soon  be  convinced  that  no  clouds,  however  dens«, 
lid  impede  its  rapid  transmission  to  the  parts  below.     Be- 

S'des,  the  diameter  of  the  sun  is  HI  times  as  great  as  ihat  of 
le  eailh ;  and  at  its  surface,  a  heavy  body  would  fall  through 
s  than  450  feet  in  a  single  second;  so  that  if  every  other 
■ircumstance  permitted  human  beings  to  reside  on  it,  their 
weight  would  present  an  insuperable  difficulty,  since  it 
k^OuId  become  thirty  times  as  great  as  upon  the  surlace  of  the 
ITth,  and  a  man  of  moderate  size  would  weigh  above  two  tons. 
lis  hypothesis  is  not  so  satisfactory  as  £>r.  Herschel's.     If 
pi|he  sun  be  not  inhabited,  the  only  adequate  purpose  of  its 
iixistence  which  we  can  conceive,  is  that  of  maintaining;  the 
K«<istence  of  the  other  parts  of  the  solar  system  ;  and  that  this 
I  '14  the  only  or  chief  use  of  it,  is  inconsistent  with  that  frugality 
I  of  means  which  appears  the  more  eminent,  the  more  closely 
|,^e  examine  the  works  of  nature.  As  the  sun  is  so  much  larger 
||)an  the  aggregate  mass  of  the  planets,  if  it  had  been  endued 
Tycith   i\o  more  iiihtireiit  heal  than  we  can  «asily  reconcile  to 
;  ideas  of  organizution.  it  would  Hivn  supported  a 
peater  number  of  inhabitants  than  till  the  planets,  supposing 
l«ch  of  them  to  be  the  residence  of  living  beings.     It  seems 
[%bsiird,  then,  lo  suppose  that  the  sun  is  created  solely  for  the 
■jyye  of  ilie  comparatively  mean  and  diminutive  woHds  tli»l  sur- 
and  a  strange,  unphiltisophical  liitiilation  of  the 
l^eity's  po»  er  and  beneficence,  to  conclude  that  he  cannot  call 
ijlto  existence  beings  whose  organs  are  ns  admirably  suited  to 
r  peculiar  circumstances  on  the  sun,  as  we  are  10  our  own 
■ituation.     With  the  knowledge  we  possess  of  modes  of  exist-' 
"pice  infinitely  diversified,  we  cannot  deny  the  existence  of  the 
)Ower  to  produce  such  beings ;  and  when  we  consider  the  fnl- 
MB  of  creation  within  the  sphere  of  our  observation,  it  seema 
I  difficult  to  deny   the   presence  of  the  will  to  ciieate  thetB, 
lather  than  leave  a  mighty  blank  of  that  possiMc  happiness,' 
"^cb myiiadit  of  beings  might  enjoy.     The  argiiments  Dgaiiisl' 


Light  has  been  shewn  (see  Optics)  to  possess  raonientum; 
suppose  then,  S,  fig.  6,  plate  II,  to  be  the  sun,  and  E  the  earth, 
and  that  the  lines  a,  b,  t,  d,  &c.  represent  ravs  of  light  issuing 
ceiitrifugally  from  the  sun.  A  line  from  the  sun's  centre  of 
gravity,  s,  to  that  of  the  earth,  o.  will  shew  the  direction  in 
which  the  two  bodies  mntually  struck  each  other,  or  the  line 
in  which  ihey  would  fall  together,  if  no  counteracting  principle 
prevented  tU  The  equal  distances  of  the  lines  which  repre- 
sent the  rays,  being  agreeable  to  the  ecjual  distribution  of  light 
through  the  zodiac,  it  may  be  seen  that  twice  the  quantity  falls 
on  one  side  of  the  line  of  direction,  i  a,  as  on  the  other ;  thus 
at)  cdare  on  one  side,  while  e  andy'only  fall  on  the  opposite 
side  of  the  line  of  direction.  Though  this  is  an  exaggerated 
proportion,  yet  in  all  the  positions  in  which  the  earth  stands  to 
the  sun,  during  its  annual  revolution  round  him,  it  will  be 
found  that  more  rays  fall  on  one  side  of  its  axis  than  on  the 
other;  and  the  consequence  of  such  an  inequality  of  impulse 
mu«t  be  its  rotation  on  its  axis,  if  not  also  of  its  annual  revo- 
lution. The  author  further  inquires,  whether  the  repulsion  of 
light  may  not  be  a  balance  to  the  gravitation  of  the  planets 
towards  the  sun,  and  whether  their  several  distances  may  not 
he  produced  by  differences  in  their  densities,  because  the 
largtT  the  surface  of  a  given  quantity  of  matter,  the  more  it 
will  be  repelled  by  the  action  of  light?     To  put  these  ideas  to 


the  test  of  experiment,  he  had  recourse  to  the  following 
means  :  He  took  a  circular  wooden  box,  BB,  fig.  1,  plate  Hi, 
and  made  oblique  holes,  represented  by  the  tubes,  in  its  side. 
This  box  was  close,  both  at  top  and  bottom,  with  the  excep- 
tion of  aa  aperture,  a,  to  admit  the  mouth  of  a  double  pair  of 
bellows,  to  make  the  current  of  air  equal.     A  very  thin  glass 

f  lobe  was  hung  by  a  very  long  thread,  exactly  over  the  centred, 
his  gave  it  a  constant  tendency  towards  that  centre,  and  re- 
presented the  gravitation  of  the  planets  towards  the  sun.  The 
ball  being  now  drawn  to  the  side  of  the  box,  and  the  bellows 
blown,  the  box  instantly  began  to  turn  on  its  axis,  and  to 
revolve  in  an  ellipse.  This  experiment  is  ingeniously  ccn- 
trived,  and  will  gratify  those  who  may  not  be  disposed  to  give 
full  credence  to  the  theory  it  was  instituted  to  support ;  yet 
the  theory  itself  is  certainly  more  entitled  to  respecttul  atten- 
tion than  many  that  have  been  proposed  ;  the  present  state  of 
our  knowledge  does  not  enable  us  to  decide  against  it;  and  k 
therefore  reajaiuB  for  future  investigations  to  estabUsb  or 
subvert. 
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iameter  of  Mercury  varies  with  his  position ;  it  is  leaet  when 

le  planet  pluoges  into  the  eolar  rays  in  the  luomiog,  or  wheo 

;t  disengages  itseir  from  theni;  it  is  greatest  when  the  planet 

^uugcs  into  the  solar  rays  in  the  evening,  or  when  it  disen- 

[eges  itself  from  them  in  the  evening ;  that  is,  when  t])e  planet 

IftBaes  the  nun  in  ita  retrograde  motion,  its  diameter  uppeara 

I  greatest  possible;  and  when  it  passes  the  snn  into  ita 

eel  motion,  it  i&  the  smallest  possible.     Sometimes,  when 

J^e  planet  disappears  during  its  retrograde  motion,  that  is. 

ffrlien  it  plunges  into  the  siui  s  rays  in  the  evening,  il  inny  be 

;rossing  the  sun,  in  a  right  line,  under  the  form  of  a  black 

This  black  spot  ia  recognized  to  be  the  planet,  by  its 

on,  its  apparent  diameter,  and  its   retrograde   motion. 

;  transits,  as  they  are  termed,  are  miniature  eclipses ; 


key  demonstrate  that  the  planet  is  itself  an  opaque  body,  and 
lines  only  by  the  light  it  borrows  from  the  sun.     A  trai 
f  Mercury  does  not  occur  at  every  one  of  his  revolutions. 


Ificause  his  orbit  is  inclined  to  the  ecliptic,  and  coincides  with 
only  at  the  two  nodes;  hence  the  planet  cannot  be  seen  to 
188  over  the  disc  of  the  sun,  unless  ita  nodes  are  in  or  very 

.jar  the  line  which  Joins  the  sun  and  the  eartb.     Transits  of 

Bercury  are  expected  in  the  years  I«15, 1822, 1832, 1835, 1845. 

ibd  1848. 

,  Mercury  moves  in  his  orbit  about  1 10,000  miles  per  hour ; 
a  to  him  appears  three  times  as  large  as  to  us,  and  utlords 
t  a  medium,  seven  times  the  heat  felt  at  our  torrid  zone, 
tence  it  appears  that  if  the  materials  of  which  the  planet  is 
imposed  were  as  susceptible  of  being  heated  as  those  of  our 
hrth,  they  would  be  either  melted  or  vitrified,  and  the  planet 
6uld  have  acquired  such  a  brightness,  as  to  prevent  its  ap- 
taring  like  a  black  spot  at  its  transit.  Why  then  may  we  not 
ippose  that  he  has  inhabitants  us  different  from  us  as  hia 

ptatter  ? 


Venus  is  themostbeautiful  atarof  the  heavens.  Sheiscalled 

■the  Morning  or  Evening  Star,  according  as  she  precedes  or 

*Tillows  the  apparent  course  of  the  sun,  and  retains  each  title 

bo\it  290  days.   Her  light  ia  remarkable  for  its  brightness  and 

whiteness,  casting  a  sensible  shadow,  and  so  vivid,   at  he» 

greatest  elongations,  that  she  is  visible  to  the  naked  eye  in  full 

day-light ;  and  the  light  of  the  moon  is  frequently  observed  to 

be   comparatively  dull.     She  is  the  second  planet  from  th« 

■  aun,  round  whicu  she  performs  her  annual  revolution,  at  tba 

^Tedium  distance  of  68,000,000  of  miles,  in  224  days,  10  hours, 

1  minutesj  27  seconds.     The  time  of  her  diumu  revolution, 
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or  the  length  of  her  day,  is  supposed  to  be  23  hours*  21 
minutes.    It  is  necessary  to  remark,  that  with  respect  to  this 

Joint,  and  conclusions  drawn Yrom  it,  there  is  some  uncertainty, 
^r.  Herschel  is  among  those  observers  who  have  not  satisfied 
themselves  as  to  the  existence  of  spots  on  this  planet,  and 
therefore  do  not  consider  the  position  of  her  axis,  and  the  period 
of  her  diurnal  rotation,  as  fully  determined.  Her  diameter  is 
7687  miles,  and  she  js  therefore  very  nearly  the  size  of  the 
Earth.  The  inclination  of  her  orbit  to  the  ecliptic,  is  about 
3^  23'  35".  Her  greatest  distance  from  the  sun  varies  from  46* 
to  nearly  48<*. 

The  transits  of  Venus  are  very  rare  phenomena ;  only  two, 
we  have  before  observed,  occurred  during  the  last  century,  and 
another  will  not  happen  until  the  year  1874.  During  a  transit, 
the  black  spot,  under  the  form  of  which  she  appears,  has  an 
apparent  diameter  of  69".  A  few  days  after  this  has  been  ob- 
served, she  is  seen  in  the  morning,  west  of  the  sun,  and  ap- 
pears through  a  good  telescope  in  the  form  of  a  fine  crescent, 
with  the  convexity  turned  towards  the  sun.  She  moves  gra- 
dually westward  with  a  retarded  motign,  and  the  crescent 
become  more  full.  In  about  ten  weeks,  she  has  moved  about 
46^  west  of  the  sun,  and  is  now  a  semi-circle,  and  her  diameter 
is  26'.  She  is  now  stationary.  She  then  moves  eastward  with 
a  motion  gradually  accelerated,  and  overtakes  the  sun  in  9} 
months  after  having  been  seen  on  his  disc.  Some  time  after 
she  is  seen  in  the  evening,  east  of  the  sun,  round,  hut  very 
small.  She  moves  eastward,  and  increases  in  diameter,  but 
loses  of  her  roundness,  till  she  gets  about  46^  east  of  the  sun, 
when  she  is  again  a  semi-circle.  She  now  moves  westward, 
increasing  in  diameter,  but  becoming  a  crescent,  like  the 
waning  moon  ;  and,  at  last,  after  a  period  of  nearly  584  days, 
comes  again  into  conjunction  with  the  sun,  with  an  apparent 
diameter  of  59".  It  may  perhaps  excite  the  surprise  of  some, 
that  Venus  should  keep  longer  on  the  east  or  west  of  the  sun, 
than  the  whole  time  of  her  period  round  him.  But  the  diffi- 
culty vanishes  when  we  consider  that  the  earth  is  all  the  while 
8:oing  round  the  sun  the  same  way,  though  not  so  quickly,  as 
Venus ;  and  therefore  her  relative  motion  to  the  earth  must  in 
every  period  be  as  much  slower  than  her  absolute  motion  in 
her  orbit,  as  the  earth  during  that  time  advances  forward  in 
the  ecliptic,  which  is  220  degrees. 

To  the  inhabitants  of  Venus,  the  sun  will  appear  nearly  twice 
as  large  as  to  us,  and  Mercury  will  be  a  morning  and  evening 
star  to  them,  as  she  is  to  us.  Her  atmosphere  has  been  calcu- 
lated at  fifty  miles  in  height,  from  a  shade  appearing  on  the 
sun's  face,  about  five  seconds  before  the  dark  body  of  Venui 
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appeared  to  touch  his  edge,  at  the  time  of  her  transit.     During)'   1 
the  transit,  also,  the  greatest  attention  was  exerted  to  discover  | 
whether  she  was  attended  by  any  satellite,  but  none  was  ob-i 
served,  and  she  is  therefore  not  known  to  have  one.  • 

The  axis  of  Venus  is  generally  supposed  to  be  inclined  TS'   i 
degrees  from  the  axis  of  Tier  orbit,  which  is  61]  degrees  mora: 
than  our  earth's  axis  is  inclined  from  the  axis  of  the  ecliptic; 
and  therefore  the  variation  of  her  seasons  is  proportionatelT/  1 
greater.     The  north  pole  of  her  axis  inclines  towards  the  2010/ 
degree  of  Aquarius,  our  earth's  to  the  beginning  of  Cancer  J* 
consequently  the  northern  regions  of  Venus  have  summer  in- 
the  signs  where  those  of  our  earth  have  winter,  and  vice  versi.^  J 
As  the  sun's  greatest  declination  on  each  side  of  her  equatort  T 
amounts  to  75  degrees,  her  tropics  are  only  15  degrees  frooii  1 
her  poles,  and  her  polar  circles  as  far  from  the  equator.     Sh«>  1 
has  at  her  equator  two  summers  and  two  winters,  in  each  of"  f 
her  annual  revolutions. 

>l 


The  Earth. 


The  Earth  is  the  next  planet  above  Venus  in  the  Solftr> 
System.     Her  distance  from  the  sun,  is  at  a  mean  95,000,0001  | 
of  mites,  and   her   annual  revolution   is   performed   in   365t 
days,  5   hours,  48  minutes,  49  seconds;   this  is  called  hex> 
tropkal  year:  but  the  time  she  takes  to  perform  an  annual) 
revolution  from  any  fixed  star  to  the  same  again,  as  seeoli . 
from  the  sun,  is  365  days,  6  hours,  9  minutes,  12  secondsi'L 
which  is  called  a  sidereal  year.     Her  rotation  on  her  axis  i«j  J 
performed  in  24  hours,  wnich  is  called  the  length  of  a  natu--  I 
ral  day,*  Her  diameter  is  7911  miles.     Thougn  she  traveled] 
along  her  orbit  at  the  rate  of  68,000  miles  per  nour,  a  motion* 
about  140  times  swifter  than  that  of  a  cannon  ball,  'yet  hen  , 
motion  is  tittle  more  than  half  as  swift  as  that  of  Mercurj^  1 
in  his  orbit.       Her  diurnal  rotation  being  from  west  to  eastyi  I 
the  diurnal  motion  of  all  the  heavenly  bodies  appears  to  boTl 
from  east  to  west.     Besides  the  68,000  miles  of  progressiva)  ■ 
advance,  to  which  the  inhabitants  of  every  part  are  siibjectedt'] 
alike,  the  inhabitants  of  the  equator  are  carried  1030  mileftt^ 
every  hour  by  the  earth's  motion  on  its  axis ;  hut  from  the* 
equator   to  the   poles,  this  motion    dtminishea,   and  at  ths' 
latitude  of  London,  it  amounts  only  to  about  580  miles   per 
hour. 

If  the  axis  of  the  earth  were  perpendicular  to  the  ecliptic, 
or  plane  of 'its  urbit,  the  days  and  nights  would  be  of  equals 
lenoth  in  every  part  of  it;  but  its  axis  is  inclined  SSJ  degrrea 
to  the  ecliptic,  and  this  produces  the  seasons;  the  excessive  heal ; 
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the  eide  yf,  that  the  itaroe  may  be  Gtill  in  the  plane  of  ttil 
circle;  and  twisting  the  thread  as  before,  that  the  globe  mAf 
turn  round  its  axis  in  the  same  way  it  is  carried  round  tin 
tandle,  that  is,  from  west  to  east;  let  the  globe  down  into  ths 
lowermost  part  of  the  wire  circle  at  yf;  and  if  the  circle  bs  ' 
properly  inclined,  the  candle  will  shine  perpendicularly  on  the) 
tropic  of  Cancer;  and  the  frigid  zone,  lying  within  the  arctid 
or  north  polar  circle,  will  be  enlightened  as  ,n  the  figure;  and  ■ 
will  keen  in  the  light,  however  often  the  globe  turn§  round  ita  i 
axis.  Frorn  the  equntor  (o  ihe  north  polar  circle,  till  the  ■ 
places  have  longer  days  and  shorter  nights;  but  from  thtf 
equator  to  the  south  polar  circle,  just  the  reverse.  The  suit 
does  nut  set  to  any  part  of  the  north  frigid  zone,  as  shewn  by 
the  candle's  shining  on  it,  so  that  the  motion  of  the  globe 
can  carry  no  place  of  that  zone  into  the  dark;  and  at  iha 
same  time  the  south  frigid  xone  is  involved  in  darkness,  and' 
the  turning  of  the  globe  brings  none  of  its  places  into  the  light. 
If  the  earth  were  to  continue  in  the  like  part  of  its  orbit,  the' 
sun  would  never  set  to  the  inhabitants  of  the  north  frigidj 
zone,  nor  rise  to  those  of  the  south,  At  the  equator,  it  would' 
be  always  e<]ual  day  and  night;  and  as  places  were  gradually' 
more  and  more  distant  towards  the  arctic  circle,  they  wonla' 
have  longer  days  and  shorter  nights;  whilst  those  on  the'  i 
Boutli  side  of  the  equator  would  have  their  nights  longer  than- 
tlieir  days.  In  this  case  there  would  be  a  continual  summer' 
on  the  north  siide  of  the  eauator,  and  continual  winter  on  thj' 
south  side  of  it.  But  as  llie  globe  turns  round  its  axis,  move'"  j 
your  hand  slowly  fortvard,  so  as  to  carry  the  globe  from  fi-" 
towards  E.  and  the  boundary  of  light  and  darkness  will' 
approach  towards  the  north  pole,  and  recede  towards  the 
south  pole:  the  northern  places  will  go  through  less  and  less 
of  the  li^ht,  and  the  southern  places  through  more  and  more 
of  it;  shewing  how  the  northern  days  decrease  in  length,  and 
the  southern  days  increase,  whilst  the  globe  proceeds  from 
H  lo  E.  When  the  globe  is  at  E,  it  is  at  a  mean  state  be- 
tween the  lowest  and  highest  parts  of  its  orbit;  the  candle  is 
directly  over  the  equator;  the  boundary  of  light  and  darkness 
just  reaches  lo  both  the  poles,  and  all  places  on  the  globe  go 
equally  through  the  light  and  dark  hemispheres,  shewing  that 
the  days  and  nights  ore  then  equal  at  alt  places  of  the  earth,  the 
poles  only  excepted;  for  the  sun  is  then  setting  to  the  north 
pole,  and  rising  to  the  south  pole. 

Continue  moving  the  globe  forward,  and  as  it  goes  through 
the  quarter  A,  the  north  pole  recedes  still  farther  into  the  dark 
hemuphere.  and  the  souin  advances  more  into  the  light,  as  the 
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pole ;  during  which  half  of  the  vear»  every  full  moon  happens 
in  some  part  of  the  northern  half  of  the  ecliptic  which  never 
sets.  Consequently,  as  the  polar  inhabitants  never  see  the 
fall  moon  in  summer,  they  have  her  always  in  the  winter,  be- 
fore, at,  and  after  the  full,  shining  for  fourteen  of  our  days 
and  nights.  Thus  the  poles  are  supplied,  during  one  half  tne 
winter,  with  constant  moonlight  in  the  sun's  absence;  and 
only  lose  sight  of  the  moon  from  her  third  to  her  first  quar- 
ter, while  she  gives  but  little  light,  and  would  be  of  the  least 
benefit. 

The  Horizontal  Moon. 

When  the  moon  is  near  the  horizon,  she  appears  of  a  shape 
somewhat  elliptical,  and  larger  than  when  she  is  in  the  zenith, 
or  on  the  meridian.  This  phenomenon  is  called  the  horizontal 
pioon, 

l^he  longest  axis  of  the  elliptical  disc  of  the  horizontal 
moon  is  parallel  with  the  horizon,  but  the  circular  shape  is 
gradually  attained,  as  the  moon  rises  higher.  To  account  for 
these  appearances  has  greatly  exercised  the  ingenuity  of  several 
philosophers,  though  no  solution  of  the  problem  has  yet  been 
offered,  which  has  received  general  assent.  As  the  moon  when 
in  the  horizon  is  further  from  us  by  tlie  semi-diameter  of  the  earth 
than  when  in  the  zenith,  the  real  angle  it  subtends  must  at  that 
time  be  least ;  but  the  difference  is  so  small,  amounting  only  to 
half  a  minute  of  a  degree,  that  it  would  scarcely  be  noticed  by 
the  sharpest  eye.  Gassendus  thought,  as  the  moon  was  less 
bright  in  the  horizon  than  in  the  meridian,  we  looked  at  it,  in 
the  former  situation,  with  a  greater  pupil  of  the  eye,  and  there- 
fore it  appeared  larger.  An  explication  of  this  kind  has  been 
lately  offered,  and  experiments  are  given  which  appear  to 
shew  that  a  difference  of  aperture  will  make  a  difference  in  the 
magnitude  of  the  image  of  a  lens;  but  more  careful  experiments 
shew  this  conclusion,  so  opposite  to  the  principles  of  optics,  to 
be  erroneous,  and  therefore  that  the  variations  in  the  aperture 
of  the  pupil  of  the  eye  do  not  occasion  variations  in  the 
magnitude  of  the  image  on  the  retina.  Some  have  supposed 
that  the  image  of  the  horizontal  moon  on  the  retina,  is  not 
actually  larger  than  at  other  times,  but  that  we  observe  such  an 
extent  of  intermediate  objects  in  that  situation,  as  to  give  it  a 
greater  apparent  distance  than  at  other  times,  and  consequently 
we  consider.it  to  be  larger,  although  it  subtends  only  the  same 
angle  ;  the  dimness  with  which  it  appears,  from  the  fewness  of 
the  rays  which  reach  us,  contributing  at  the  same  time  to  the 
deception.    The  circumstance  of  faintness  does  not,  however. 
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;^irilic;  tliU  dtti'cteace,  in  tiie  oonrr-e  ofu  uCek,  nillamount 
kuill  :!}  Itours.     Hence,  ihoiigli  ivv  observe  tbt'  pliciiomenaa 
Bthe  liarvett  iitoou  «vvry  year.  v«t  it  is  not  every  year  (.iiuulW    I 
^nrkablr.  but  nltcrnattly  (or  u  [trriod  uf  iiuarly  nine  joara 
i  a  hult',  it  is  greatest  uihI  lca«t  ;  j>»ni  ltJl3  to  1815  is  th4    I 
winder  of  a  f/«rio(l  during  which  tlie  hurvekt  moon  •:irM*  j 
n  iliu  time  of  rising;  fVom  lUltj  to  Iti26incIuilciiaperioi|  I 
J  which  the  difTereuce  is  the  least.  ■•  ' 

&.I  lite  ]>olar  circlos,  »heti  the  sun  touches  tlio  sinnmet 
^ic.  he  continues  24  hours  above  liie  horizon;  nnd  Hi 
(ute  below  it  when  he  touches  the  winter  Iropic.  For  the 
reuson,  the  full  moon  neither  rises  in  summer, '  tior 
inter,  considering  her  as  moving  in  the  eclijiUc. 
utile  wiutvr  full  moon  being  Bs  high  in  iho  ecliptic  at  the 
mer  sua,  niunt  tlierefore  continue  as  long  above  tlie  ho* 
;  and  the  sninuier  full  moon  being  as  low  in  the  t-clintio 
as  the  winter  sim.  can  no  more  rise  lh:in  he  dues,  out 
these  are  the  obly  two  full  moons  which  happen  about  the 
tfopics;  for  all  Llie  others  rise  and  set.  In  suninier,  tlie  t'ltll 
MS  am  low,  and  Ibeir  stay  is  shart  above  ilic  boi 
II  the  ni^hti  are  short,  and  we  have  tbc  least  occasion  fif^ 
|Onli{>ht:  in  winter  the  full  moons  rise  high,  and  stiiy  I 

s  tlie  horizon,  when  the  nights  are  long,  nntl  tve  v 
•test  (piiiiitily  of  moonli|;;ht. 

At  the  poles,  one  half  of  the  ecliptic  never  sets,  and  the  uthdf  1 
_klf  never  rises:  and  therefore,  as  the  sun  U  always  half  a  ye«#  j 
a  describini^one  half  of  Llic  ecliptic,  it  is  nuturnl  to  imigine  tln4  i 
tbesuncontinueshulf  a  year  t«uether  above  the  horizon  of  ea^  1 

Eole  in  its  turn,  and  as  long  below  it ;  rnin^  to  on«  pole  wheil  J 
csets  to  the  other.  This  would  bocxacDy  the  case  tf  there  weiV  1 
no  refraction;  butby  the  atmosphere's  refracting  the  sun's  iay»l  1 
he  becomes  visible  some  days  sooner,  and  ccintiiioea  kome  days  j 
longer  in  sight,  than  he  would  otherwise  do:  so  that  ho  nppeMTi  j 
above  the  horiton  of  either  pole  before  he  has  got  bolow  thf  1 
horizon  of  the  other.  And,  as  he  never  goes  more  than  'i3|i*  J 
below  the  horizon  of  the  poles,  they  have  vsry  liule  dark  ni^hv|  I 
it  being  twilight  there,  as  well  as  at  other  {ilaces,  till  th>^  sun  [■I 
l8''btIow  the  horizon.  The  full  moon  being  always  opposite  to  j 
ihc  sun,  can  never  be  seen  while  the  sun  is  above  the  notizofi|  1 
tcept  when  she  is  in  the  norlhcrnhalf  of  her  orbit;  for  w hen*  | 
r  any  point  of  tbo  ecliptic  rises,  tlie  opposite  point  sen 
etefore,  as  the  ann  is  above  the  horizon  of  the  north  [lolH 
1  the  20th  of  March  till  the  23d  of  September,  it  is  \AiAtr 
t  the  moon,  when  full,  being  opposite  to  the  sun,  inuKt  bf'j 
_  .,-  the  horizon  that  half  of -i^o  your.  But  when  tlie  sun  M  1 
kbo  *4>utbDrn  half  of  tha  ecliptic,  be  never  rises  to  the  norlk  J 
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turn,  the  same  advantage;  but  at  the  equator,  the  suit  biiiks 
abruptly  from  the  horizon,  because  his  path  is  at  right  aiiglt^ 
to  it,  or  very  nearly  bo  ;  and  the  quick  tranaition  from  the  gTure 
of  day.  to  utter  aarkness,  cuta  off  the  enjoymeat  of  the  twi- 
light hour. 

From  the  revolution  of  the  earth  round  its  axis.  Sir  Isaac 
NeM'ton  was  led  to  suppose,  that  its  shape  was  not  a  perfect 
sphere,  but  that  of  an  oblate  spheioid,  flattened  at  the  poles  j 
because  in  revolving,  its  parts  have  a  tendency  to  recede  from 
the  axis,  from  the  equator  particularly,  consequeutly  the  poles 

Cress  internally,  and  raise  tbe  equatorial  parts,  till  an  equili- 
rium  occiirH.  Sir  Isaac  Newton  calculated  that  the  equato- 
rial exceeds  the  polar  diameter  34  miles  and  one-firth ;  and  this 
instance  of  bis  penetration  was  afterwards  fully  confirmed  by 
tbe  admeasurements  and  observations  of  two  deputations  of 
mathematicians,  who  visited  the  vicinity  of  the  northern  and 
southern  poles  in  I73o,  and  agreed  in  pronouncing  them  flat- 
tened, making  tbe  difference  between  the  diameters  as  2€f>  to 
265,  or  as  179  to  178.  Another  proof  of  the  flatness  of  the 
poles  has  been  mentioned  at  page  277,  where  we  have  observ- 
ed, that  a  pendulum,  calculated  to  swing  seconds  at  the  poles, 
or  in  a  high  latitude,  will  not  swing  seconds  at  the  equator 
unless  it  be  shortened;  therefore,  as  a  pendulum  swings  by  tlie 
power  of  gravity,  that  power  is  rather  less  at  the  equator  than 
at  the  poles  ;  partly  on  account  of  the  greater  distance  of  those 
parts  from  the  equator,  and  partly  from  their  greater  centrifu- 
gal force,  which  tends  to  throw  every  thing  in  a  tangent  from 
its  surface.  If  the  diurnal  motion  of  the  earth  were  to  cease, 
its  centrifugal  force  would  of  course  be  destroyed  at  the  same 
time,  in  which  case,  the  waters  of  the  ocean  would  flow  to- 
wards the  poles,  in  order  to  restore  the  perfectly  globular  form 
of  tbe  eartli,  and  would  overwhelm  those  regions  at  the  same 
time  that  they  retired  from  the  shores  of  tbe  equator.  An  ex- 
periment may  easily  be  contrived  to  shew  the  tendency  of  a 
swift  whirling  mouon  to  produce  an  oblate  spheroid  like  the 
earth.  Let  two  slips  of  pasteboard,  or  any  tolerably  flexible 
material,  be  bent  into  a  circular  form,  and  fitted  upon  an  axis, 
as  shewn  by  fig.  3,  nlate  III ;  so  as  to  turn  with  that  axis. 
When  they  are  maae  to  revolve  very  slowly  by  turning  tbe 
winch  G,  the  change  in  their  Form  will  not  be  perceptible ;  but 
if  the  winch  be  turned  with  rapidity,  the  poles  of  the  hoops 
are  depressed,  and  their  sides  bulge  out. 

That  the  apparent  diameter  of  the  sun  is  greater  in  winter 

,  ^an  in  summer,  is  obvious  to  common  observation.     Tbe  rea- 

len  is,  the  earth's  elliptical  orbit,  in  the  lower  focus  of  which 

'  e  sun  is  situated,  and  as  this  point  is  I,'^l7.d41  miles  frooi 
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let  comparative  nearness  to  ub,  that  makes  faerappeai  eo  large, 
'  aflbrd  ao  much  light.  Her  rotation  on  her  axis  ia  per- 
led  Id  Uie  ^ame  time  as  her  revolution  round  the  earth, 
;e  &he  always  keeps  the  same  side  towards  us,  except  that 
sometimes  see  a  little  more  ofone  side,  and  at  other  times 
I'ltllc  more  of  another  side.  This  is  called  her  iibratioH. 
is  tibiation  is  produced  by  her  unequal  motion  in  her  orbit, 
id  from  the  dil^rctice  in  Us  direction,  it  is  distinguished  into 
kiuds;  I,  Libration  in  latitude^  2,  Libration  in  longitude. 
Ubration  in  longitude,  is  her  seeming  motion  to  and  fro,  so 
to  shew  sometimes  more  of  her  eastern  edge,  and  sometimes 
ire  of  Iier  western  edge.  Her  libration  in  ktitude,  is 
ten  either  of  ber  poles  appears  to  dip  a  little  towards  the 
rth. 

Tlie  moon  is  an  opaque  globe  like  the  earth,  and  shines 
.only  by  the  light  she  receives  from  the  sun.  and  reflects  to  us. 
She  thererore  disappears  when  she  comes  between  us  and  the 
fiui),  because  her  dark  side  is  then  towards  us.  Thus  when 
alie  i^  at  A,  Rg.  4,  plate  111,  in  conjunction  with  the  sun  S, 
her  dnrk  half  is  towards  the  earth,  and  she  disappears  as  nta, 
thers  being  no  Itght  on  that  half  to  render  it  visible-  On  the 
innemtost  circle,  the  moon  is  delineated  as  she  would  appear 
to  a  spectator  in  Llie  sun ;  on  the  ouleroiost  circle,  is  sliewn 
her  Appearance  to  a  spectator  on  the  earth  at  T,  When  she 
comes  to  her  (irst  octant  at  B,  or  hns  gone  an  eighth  part  of 
Jier  orbit  from  her  conjunction,  a  quarter  of  her  enligntened 
s  towards  the  earth,  and  uhe  apjiears  horned  as  at  b. 
:n  she  \\%,%  gone  a  quarter  of  her  orbit  from  between  the 
_.[rth  and  sun  to  C,  she  shews  ns  one  half  of  her  enlighlt^ned 
side,  as  at  c,  and  we  say  she  is  u  qnailer  old.  At  D  sne  is  in 
her  second  octant;  and  by  shewing  nsniorc  of  hcrenlighlenea 
side,  slie  appears  gibbous  as  at  ii<.  At  V.  hur  wholt  enlightened 
ide  is  towards  (he  earth;  und  therefore  she  appears  round, 
u  at  e,  and  we  say  it  is  full  in>»)(t.  In  hor  \\\\xA  octant  at  F, 
— kft  of  her  dark  side  being  towards  the  earth,  slie  again  ap- 
!ai>6  gibbous,  and  is  on  the  decrease  ns  at  J.  At  0  we  see 
just  one  half  of  her  enlij^htened  side;  and  she  appears  hall 
decreased,  or  in  her  third  quarter,  as  at  g.  At  H  we  only  tet 
a  quarter  of  Iter  enlightened  side ;  being  in  her  fourth  octant, 
where  she  appears  horned  as  at  h.  And  at  A,  having  com* 
ileted  her  course  frost  tlie  sun  to  the  sun  again,  (he  disap- 
trs ;  and  we  say  it  Is  new  moon.  Thus  in  going  from  A  (0 
the  moan  seems  continually  to  increase ;  and  in  going  froni 
to  A,  to  decrease  in  the  same  proportion;  having  lik« 
>es  at  equal  distances  from  A  to  E,  but  as  seen  fl'out  tha 
8,  she  is  always  fuU. 
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Tbe  sun  and  stars  tlso  appear  larger  in  the  horizoa,  waA  aoy 

•two  stars  appear  further  opart,  than  at  a  greater  eleratmi. 

The  causes  6i'  Uiese  appeiranees  roust  be  considered  the  aaae 

^as  that  producing  the  horizontal  moon,  whether  the  above  ez- 

.  plication  of  this  appearance  be  accurate  or  not. 

Aberraiion  of  light. 

The  fixed  stars,  ofnd  <»tber  heavenly  bodies,  ate  act  seen  in 

^leir  real  directions.    This  circumstance  is  independent  of  the 

..fefractive  powerof  our  atmoaphere*  and  is  always  present,  whe- 

•.tlier  we  observe  (hero  in  the  zenitb»  or  any  other  situation;  it 

U  a  deviation  which  arises  from  Che  progressive  motion  oflight, 

^nd  ihaannual  motiofi  of  the  earth ;  for  the  light  by  which  a  star 

js  6fi0ii,  at  tbe  time  it  sets  out  from  the  star,  is  not  directed  to 

the  Ipectator,  but  to  a  point  beyond  him,  at  which,  or  into  the 

dafne  line  with  which,  his  eye  will  arrive,  by  the  progression 

)of  the  earth,  in  exactly  the  same  time  that  the  lignt  requires 

ito  reach  the  earth.    This  phenomenon  is  called  the  mbtrratkm 


f^  light,  or  aberraiion  oftkeJLxed  start. 
Th< 


Th^  aberration  of  the  fixed  stars  was  discovered  by  Dr. 
,Bradley,  in  his  attempts  to  ascertain  their  annual  parallax^  and 
he  explained  it  in  the  following  manner:  He  imagined  CA,  fig. 
7,  pL  IV.  to  be  a  ray  of  light  falling  perpendioalarly  upon  tlie 
line  BD ;  that,  if  the  eye  is  attest  at  A,  the  object  must  ap- 
.:pear  in  the  direction  AC,  whether  light  be  propagated  in  time 
or  in  an  instant.  But  if  the  eye  is  moving  from  B  towards  A, 
and  light  is  propagated  in  time,  with  a  velocity  that  is  to  the 
'Velocity  of  the  eye,  as  CA  to  BA ;  then  light  moving  from 
{C  to  A,  whilst  the  eye  moves  from  B  to  A,  that  particU  of  it 
'by  which  the  object  will  be  discerned  when  the  eye  comes  to 
it^  is  at  C  when  the  eye  is  at  B.  Joining  the  points  BC,  be 
supposed  the  line  CB  to  be  a  tube,  inclined  to  the  line  BD  in 
the  angle  DBC»  of  such  diameter  as  to  admit  but  one  particle 
of  light.  Then  it  was  easy  to  conceive,  that  tbe  particle  of 
light  at  C,  by  wliich  the  object  must  be  seen,  when  the  eye,  as 
it  moves  along,  arrives  at  A,  would  pass  through  the  tube  BC, 
'  if  it  istinclined  to  BD  in  the  angle  DBC,  and  accon>panies  the 
eve  in  its  motion  from  B  to  A ;  and  that  it  could  not  come  to 
the  eye  nlaced  behind  such  a  tube,  if  it  had  any  other  inclina- 
tion to  tne  line  BD.  If,  instead  of  supposing  CB  so  small  a  . 
tube,  we  imagine  it  to  be  the  axis  of  a  larger,  thcn>  for  the 
same  reason,  the  particle  of  light  at  C  would  not  pass  through 
the  axis,  unless  it  is  inclined  to  BD  in  the  angle  CBD.  In 
like  manner,  if  the  eye  moved  the  contrary  way,  from  D 
towards  A,  with  the  same  velocity,  then  the  tube  must  be  in- 
clined in  the  angle  BDG. 


^ 


Bun,  and  the  cavities  are  always  dark  on  the  side  next  the  sun.j 
The  darker  parts  were  at  one  time  very  generally  believed  l^t. 
be  water,  but  it  is  now  generally  admitted  that  ihey  are  Ueepi 
cavities  or  valleys,  and  that  the  appearance  of  the  moon's  di*q, 
is  such  as  our  eartli  would  present  to  her  inhabitants,  if  the. 
ocean  was  dried  up.  The  heights  of  the  lunar  mounlains  wer*. 
formerly  supposed  to  be  much  greater  than  those  of  the  eailh;; 
But  Dr.  Herschel  has  demonstrated  that  very  few  are  uiore, 
than  hulf  a  raile  high,  and  the  highest  little  more  (ban  a  mile,; 
Before  or  after  ihe  moon  is  at  full,  the  boundary  of  the  lij^ht, 
and  dark  part  of  the  side  presented  to  us,  in  consequence  ofj 
the  multiplicity  of  her  caverns  and  mountains,  appears  ex- 
ceedingly jngged  or  uneven;  while,  contrary  to  what  we 
should  expect,  the  real  boundary  of  her  disc,  or  the  bouao 
dary  between  the  hemisphere  which  we  see,  and  that  which 
is  turned  away  from  us,  appears  smooth  and  well  defined,, 
though  examined  with  a  considerable  magnifying  power,  la 
explanation  of  this  difScultv,  it  has  been  obsarved,  that  a*, 
all  the  parts  adjoining  to  the  real  boundary  or  edge  of  the, 
moon  are  full  of  irregularities,  the  elevations  of  some  purU 
may  stand  before  the  hollows  of  others,  so  as  to  form,  upon 
the  whole,  the  appearance  of  a  smooth  surface,  and  perhaps 
the  atmosphere  of  the  moon  may  likewise  contribute  to  ihja 
appearance. 

The  ruggedness  of  the  moon's  surface  adds  greatly  to  her 
utility  as  an  attendant  of  the  earth  i  for  if  her  disc  were, free 
from  all  asperities,  or  covered  with  water,  her  light  would 
only  in  certain  situations  shew  us  the  image  of  the  sun,  appa- 
rently nothing  more  than  a  brilliant  point.  But  her  inei^uali- 
ties  scattering  the  light  on  every  side,  her  disc  becomes  eu- 
tirely  resplendent. 

Bright  specks  have  been  observed  on  the  dark  parts  of  the 
moon's  disc,  and  so  far  from  the  illuminated  portion  as  not 
to  depend  on  the  sun's  rays.  These  spots,  becoming  extinct 
after  a  certain  time,  have  been  supposed  to  be  volcanoes. 
Dr.  Herschel,  in  1787,  saw  three  of  these  volcanoes  at  opce 
in  the  dark  part  of  the  moon :  two  of  them  were  barely 
visible ;  but  the  third  was  more  vivid,  and  exhibited  an  elon- 
gation like  an  eruption  or  lava  of  luminous  matter,  resem- 
bling a  small  piece  of  burning  charcoal,  covered  by  a  very 
thin  coat  of  ashes.  If  volcanoes  or  fire  exist  in  the  raoon, 
it  seems  reasonable  to  conclude,  that  the  moon  has  an  atmo- 
sphere, and  that  this  is  the  case,  there  is  good  reason  to 
'*  Jieve,  though  it  has  been  much  controverted,  and   eveo 

leied  till  lately.      Some  astronomers  think  that  they  caa 

tribute,, lh«  .vmiable   brightness   of  the   moon,   at  ceitais 
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seem  to  describe  about  the  pole  of  the  ecliptic,  as  39"  to  40.4"'; 
the  half  of  this  is  the  an^le  ACB.  This,  therefore,  being  20.2^, 
AC  will  be  to  AB,  that  is,  the  velocity  of  light  will  be  to  the 
velocity  of  tht  eye,  (or  the  velocity  of  the  earth  in  its  annual 
motion,)  as  10,210  to  1  {  from  which  it  follows,  that  light  moves 
as  far  as  from  the  sun  to,  the  earth  in  8'  12".  By  the  near 
agreement  of  multiplied  observations.  Dr.  Bradley  proved  this 
statement  to  be  very  near  the  truth. 

The  aberration  of  the  sun  and  planets  is  inconsiderable, 
because  while  the  light  is  coming  fcom  them,  the  earth  has 
moved  but  a  little  way ;  yet  for  accurate  calculations,  it  is 
always  taken  into  account ;  the  sun's  aberration  is  about  20", 
that  being  the  space  passed  over  by  the  earth  while  his  light 
is  coming  to  us. 

:  Dr.  Bradley's  explanation  of  the  aberration  of  the  fixed  stars, 
was  no  sooner  proposed  than  acceded  to  by  all  philosophers, 
and  has  never  since  been  questioned.  The  phenomenon  is  a 
strong  proof  of  the  annual  motion  of  the  earth  round  the  sun, 
and  as  the  discovery  of  it  so  justly  gives  celebrity  to  this  as* 
tronomer's  name,  ttie  incident  which  enabled  him  to  explain 
it  so  well,  and  which  is  given  by  Dr.  Thompson,  in  his  History 
of  the  Royal  Society,  deserves  our  notice.  It  shews  how  much 
we  may  improve  by  habits  of  observation,  and  that  the  most 
common  occurrences  may  frequently  be  made  subservient  to 
the  illustration  of  the  most  abstruse  points  of  philosophy. 
When  Dr.  Bradley  had  discovered  what  is  now  called  the  aoer- 
ration  of  the  fixed  stars,  and  had  even  completed  a  whole  year's 
obseivations,  he  perplexed  himself  continually  without  success 
to  find  out  the  cause  of  the  phenomenon.  At  last,  a  satisfac- 
tory explanation  of  it  at  once  occurred  to  him,  when  he  was 
not  in  search  of  it  He  accompanied  a  pleasure-pariy  in  a  sail 
vpon  the  river  Thames.  The  boat  in  which  they  wens,  was  pro- 
vided with  a  mast,  that  had  a  vane  at  the  top  of  it.  It  blew  a 
moderate  wind,  and  the  party  sailed  up  and  down  the  river  for 
a  considerable'  time.  Dr.  Bradley  remarked,  that  every  time 
the  boat  put  about,  the  vane  at  the  top  of  the  boat's  mast  shifted 
a  little,  as  if  there  had  been  a  slight  change  in  the  direction  of 
the  wind.  He  observed  this  three  or  four  times  without  speak- 
10^;  at  last  he  mentioned  it  to  the  sailors,  and  expressed  his  sur- 
prise that  the  wind  should  shift  so  regularly  every  time  they 
put  about.  The  sailors  told  him  the  wind  had  not  shifted,  but 
tbkt  the  apparent  change  was  owing  to  the  change  in  the  di- 
vsction  of  the  boat,  and  assured  him  that  the  same  thing  in- 
"vmriably  happened  in  all  cases.  This  accidental  observation 
UA  him  justly  to  conclude,  that  the  aberration  of  the  stars  was 
btmng  to  the  combined  motion  of  iig^t  and  the  earth. 


clouds  cover  iheni  ur  le^Yo  iheni.  B;  ihaie  spots 
Ipe  lunarians  can  ddlemiine  the  limti  df  ttae  earth's  diofnat 
I,  just  as  we  do  the  motion  of  tlie  sun  ;  and  iheir  obser- 
■ations  will  at  the  same  lime  fuinish  ihem  with  an  accurate 

of  lime. 
^  The  moon's  axis  being  nearly  perp«ndicnlar  to  ihe  ecliptic, 
I  never  removes  sensibly  from  her  equator^  and  the 
wbliquity  of  her  orbit,  which  is  next  to  nothisg  as  seen  from 
'  the  sun,  cannot  cause  the  sun  lo  decline  sensibly  from  her 
equator.  Yet  her  inhabitants  are  not  deHtitute  of  means  for 
ascertaining  the  length  of  their  year,  though  Iheir  method 
and  ours  must  differ.  We  can  know  the  length  of  our  year 
by  the  return  of  our  equino?ies ;  but  the  lunarians  having 
always  equal  day  and  nit;hl,  must  have  recourse  to  another 
method;  and  we  may  suppose,  they  measure  their  year  by 
observing  when  either  of  the  poles  of  our  earth  begins  lo  be 
enlightened,  and  the  oth^r  to  disappear,  which  is  always 
kt  our  equinoxes;  they  being  conveniently  situated  for  oo- 
serving  great  tracts  of  land  about  the  poles  of  our  earth, 
which  are  entirely  unknown  to  ua.  Hence  we  conclude,  that 
the  year  is  of  the  same  absolute  length  both  lo  the  earth  and 
moon,  though  very  ditferent  as  to  the  number  of  days ;  we 
Jb&viug  365J  natural  days,  and  the  lunarians  only  12xS\>  the 
'  uy  and  night  in  the  moon  being  together  as  long  as  iiti  on' 
jfae  earth. 
Ei  The  lunar  rays  excite  no  perceptible  warmth,  not  eveil 
poen  concentrated  upon  a  theruaometer,  by  the  largest  bum^ 
g  mirror  or  lens.  This  is  accounted  for  on  ihe  supposition 
eir  extreme  diffusion,  so  that  we  are  unable  to  collect  k' 
BUfScient  quantity  of  them  to  evidence  their  healing  etiectsj 
The  calculations  which  have  been  made  of  the  tenuity  of  th6' 
moon's  light,  differ  so  widely  from  each  other.  th«t  we  know 
not  which  to  credit;  some  having  asserted  that  it  it  tt'iatW' 
thousand,  and  others  tlial  it  is  three  hundred  thousand  tinim' 
less  than  IhaA  of  common  day-light  But  all  calculationH 
founded  on  the  supposed  fact  that  the  reflected  light  and' 
heat  are  diminished  in  equal  proportions,  are  nrobably  fiN' 
lay  reflect  Utile  or  no  heat,  yet  her  light  mky 


lacious:  she  n^ay  t 


light  rativ 

reach  us  in  a  far  greater  proportion  than  has  yet  been  iR'' 

flowed.  '  ' 

„  J  The  Qiooa  has  not  received  more  attention  from  the  aetrO-' 

"  Bier  than  the  poet;  but  whrle  the  recondite  speculalions  ot^ 

B  one  please  but  few,  and  often  almost  bewilder  the  leanest 

4erstanding,  the  other  dcpiets  only  those  benignant  eflectA  1 

iicb  every  eye  can  behold,  and  every  heart  enjor.     Th«"- 

itllowing  night-piece  from  Homer,  is  esteemed  by  Pope,  lu' 
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tened  'by  hit  attraction  for  the  greater  quantity  of  matter  in 
that  direction.    Receding  at  the  rate  of  60.26''  westward  annu- 
ally, the  equinoxes  make  an  entire  revolution  in  25,791  years, 
•when  the  variation  commences  another  period.   In  consequence 
,  ^(-  it,  those  stars  which  in  the  infancy  of  astronomy  were  in 
Aries,  are  now  got  into  Taurus ;  those  of  Taurus  into  Gemini, 
^  ^c»    Hence«  likewise,  it  is,  (bat^  the  stars  which  rose  at  any 
particular  season,  in  the  timea  of  the  ancients,  by  no  means 
unswer  at  this  time  to  the  description  then  given  of  them* 

In  consequeoce  of  the  precession,  or  retroffcade  motioa  of 

I  .the  equincKSlial  points  in  the  heavtens,  the  ear£'s  axis  does  not 

ijpreaerve  an  undeviating  parallelism,  bot,  with  m  conical  motion 

.  fleacribea  a  small  ciirc£e,  the  diameter  of  wbicJi  is  equal  to 

.  twice  its  iuclinatioa  to  the  ecliptic,  or  47^«    This  motion  may 

■  >e  explained  y>y  a  diagram :  let  NZSVL,  (fig.  1,  pi.  V,)  be  the 

ri«sr'th ;  SOKA  its  axia,  produced  to  the  starrv  heavens,  and 

li^min^tlAg  id  A,  the  preseot  north  pole  of  the  heavens,  which 

..  ilk  vertical  to  1ft  the  north  pole  of  the  earth.    Let  EOQ  be  the 

:*fq«iator,  T4S  Z  the  tropic  of  Cancer,  and  VTtf  the  tropic  of 

^(42iiprieOFQ }  VQZ  the  ecliptic,  and  BO  its  axis,  which  must  be 

considered  immoveable,  because  the  ediptio  always  passes 

over  the  same  stars.     But  as  the  equinoctial  points  recede  in 

the  ecliptic,  the  earth V.axU,  SO^,is  in  melion  upon  the  earth's 

centre  O,  in  such  a  manner  as  to  describe  the  double  cane 

])lO  u  and'  60  4»  round  the  axis  of  the  ecliptic  BO,  in  tbe  time 

U>)at  the  tquinootial  points  move  round  the  ecliptic,  that  is,  in 

,  S26,79.1  years ;  and  in  that  length  of  time,  the  north  pole  of  the 

#artb'4  axis  produced,  describes  the  circle  ABCDA  in  the 

.-^tfanry  heavens,  roaod  the  pole  of  the  ecliptic,  whidh  keeps 

;  j^mmQveable  in  the  oeatre  of  that  circle.    The  earth's  axis  beiag 

^H^arly  23ji^  uficUned  to  the  axis  af  the  ecliptic,  the  circle 

.  A-BCDA,  described  by  the  north  pole  of  the  earth's  axis  pro- 

,-Kiu€ed  to  AtrWiU  therefore  be  almost  47^  in  diameter,  or  double 

»tiie  inclination  of  the  earth's  axis*    In  consequence  of  ibis, 

;  t)H  p^t  A»  which  is  at  preseikt  the  north  pole  ^of  the  heavens, 

\aiul  near  to  a  star  of  the  second  ms^ aitude,  in  the  end  of  die 

ILittle  Sear'4  tfsii,  must  be  deserted  by  the  earth's  axis;  which, 

ittoving  back  oi>e  degree  in  every  71 1  years  neaitly,  will  be  di- 

.jrected towards  U^e  star  or  point  B  in  o4472  yeaf s  hence;  anid 

i^  double  that  time,  or  \2JB95i  years,  it  will  be  directed  to- 

i  wards  the  star  or  point  C ;  which  will  then  be  the  north  fK^le 

.(Sf  the.heav&na>  although  it  is  at  prifsentSi^^iOttth  ofthesenith 

.  of  Itondon  Si.    The  present  position  of  the  equator,  EOQ  will 

>tihien  beiitihanged  jnio.eOY;  ^^  ^'^^  ^^  Cancer,  To,  into 

itVi  to ;  ai>4  Ahe  tropic  of  Capricorit^  VTyj*^  intoi  yf  K;  and  the 

-iM^iaftbeaaxM  part  of  the  hestvetts  wbece  lit  innow^over  the 
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Mars  appears  to  move  from  west  (o  east  round  the  eartl^ 
but  hift  apparent  motion  is  very  unequal.  When  we  first  p«ft 
ceive  him  in  the  morning,  separating:  from  the  sun,  his  motioa 
'\f  the  most  rapid  ;  but  tliis  rapidity  diminiahee  gradually,  an^ 
ceases  altogetner  when  the  planet  is  sbout  137'^  distant  frooi 
the  sun;  then  his  retrograde  motion  cominences,  and  increases 
in  rapidity  till  he  comes  into  opposition  with  the. sun.  It  iheo 
gradually  diminishes  again,  till  the  planet  is  within  lli?"  of 
the  sun  ;  it  then  becomes  direct,  till  at  last  the  planet  is  lont 
for  a  time  in  the  evening  rays  of  that  luminary.  As  his  dis- 
tance from  us  is  so  different  at  dil]*erent  times,  »o  is  hia  appar 
rent  diameter,  which  at  a  mean  is  27",  but  when  in  oppositioi 
his  apparent  diameter  is  81". 

Besides  the  dark  spots,  which  serve  to  determine  the  diurni 
revolution  of  Mars,  several  early  astronomers  took  notice  thai, 
a  sea;ment  of  his  globe  about  the  south  pole  exceeded  [lie  rest, 
of  his  disc  so  much  in  brightness,  as  to  appear  as  if 
the  segment  of  a  larger  globe.  Maraldi  informs 
bright  spot  had  been  taken  notice  of  for  sixty  years,  mid 
more  permanent  than  the  other  spots  on  the  planet.  One  (lart 
of  it  is  brighter  than  the  rest,  and  the  least  bright  part  is  sub- 
ject to  great  changes,  and  has  sometimes  disappeared.  A 
similar  brightness  about  the  north  pole  was  also  somettmec 
observed,  and  these  observations  are  now  conRrmed  by  Or. 
Herschel,  who  has  viewed  the  planet  with  much  better  instru- 
ments, and  much  higher  magnifying  powera,  than  any  other 
asironomer.  "  The  analogy,"  says  the  Doctor, "  between  Mara 
and  the  earth,  is  by  far  the  greatest  in  the  whole  solar  system. 
Their  diurnal  motion  is  nearly  the  same ;  the  obliquity  it(  their 
respective  ecliptics  not  very  different.  Of  all  the  superior 
planets,  the  distance  of  Mars  from  the  sun  is  by  far  the  neiirest 
alike  to  that  of  the  earth ;  nor  will  the  tengtb  of  the  MartiuJ 
year  appear  very  difi'erent  from  what  we  enjoy,  when  com- 
pared to  the  surprising  duration  of  the  years  of  Jupiter,  Sa- 
turn, and  the  Georgium  Sidus.  If  then  we  find  that  the  globe 
we  inhabit  has  its  polar  region  frozen  and  covered  with  moun- 
tains of  ice  and  snow,  that  only  partly  melt  when  alternately 
exposed  to  the  sun,  I  may  well  be  permitted  to  surmise,  that 
the  same  causes  may  probably  have  the  same  effect  on  this 
globe  of  Mars;  that  the  bright  polar  spots  are  owing  to  the 
vivid  reflection  of  light  from  frozen  regions,  and  that  the  re- 
duction of  those  spots  is  to  be  ascribed  to  their  being  expoaod 
to  U»e  sun.  In  the  year  1781,  the  south  polar  spot  was  ex- 
tremely large,  which  we  might  well  expect,  as  that  pole  hod 
but  lately  been  involved  in  a  whole  twelvemonth's  darkness  and 
absence  from  the  sun;  but  in  1783, 1  found  it  coiuidsrably 
Vol.  I.— 24.  4B 
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lets  than  the  sun,  the  shadow  is  proportionately  conical*  and 
^ough  sufficiently  long  to  reach  and  envelop  the  moony  it 
does  not  reach  to  the  planet  Mars.  In  plate  V,  flg.  2,  S  is  the 
sun,  E  the  earth»  and  M  the  moon.  The  dark  conical  shadow 
terminates  aty»  just  where  rays  from  the  upper  and  lower  Nmbs 
of  the  sun,  after  passing  the  contour  of  the  earth,  meet  in  a 
point :  on  the  sides  of  this  conical  shadow,  there  is  a  diverging 
shadow  abed,  the  density  of  which  decreases  in  proportion 
as  it  recedes  from  the  sides  of  the  former  conical  shadow;  this 
is  called  the  penumbra. 

When  the  moon  passes  entirely  through  the  earth's  shadow, 
the  eclipse  is  total;  but  when  only  a  part  of  it  passes  through 
the  shadow,  the  eclipse  is  partial. 

The  quantity  of  the  moon's  disc  which  is  eclipsed,  is  ex- 
pressed by  twelve  parts,  called  di^U:  that  is,  the  disc  is  sup- 
posed to  be  divided  by  twelve  parallel  lines ;  then  if  half  the 
disc  is  eclipsed,  the  quantity  of  the  eclipse  is  said  to  be  six 
diffits,  and  so  of  other  proportions. 

When  the  diameter  of  the  shadow  through  which  the  moon 
must  pass,  is  greater  than  the  diameter  of  the  moon,  the  quan- 
tity of  the  eclipse  is  said  to  be  more  than  twelve  digits;  thus, 
if  the  diameter  of  the  moon  is  to  that  of  the  shadow  as  foar  to 
five,  then  the  eclipse  is  said  to  be  15  digits. 

The  general  phenomena  of  lunar  eclipses  maybe  classed  as 
follows : — L  All  lunar  eclipses  are  universal,  or  visible  in  all 
parts  of  the  earth  which  have  the  moon  above  the  horizon;  and 
are  every  where  of  the  same  magnitude,  with  the  same  begin- 
ning and  end. — 2.  In  all  lunar  eclipses,  the  eastern  side  is  that 
which  first  immerges  and  emerges  again ;  that  is,  the  left  side  of 
the  moon  as  we  look  towards  ner  from  the  north;  for  the  pro- 
per motion  of  the  moon  being  swifter  than  that  of  the  earth'a 
shadow,  the  moon  approaches  it  from  the  west,  overtakes  it, 
and  passes  through  it,  with  her  east  side  foremost,  leaving  the 
shadow  behind,  or  to  the  westward. — 3.  Total  eclipses,  and 
those  of  the  longest  duration,  happen  in  the  very  nodes  of  the 
ecliptic,  because  the  section  of  the  earth's  shadow  then  falling 
on  the  moon,  is  considerably  larger  than  her  disc,  and  the 
eclipse  is  more  than  12  digits.  There  may,  however,  be  total 
eclipses  within  a  small  distance  of  the  nodes ;  but  their  dura- 
tion is  the  less  as  they  are  farther  from  them,  till  they  become 
only  partial  ones,  and  at  last  the  moon  escapes  the  shadow. — 
4.  The  moon,  even  in  the  middle  of  a  total  ieclipse,  is  not 
invisible,  when  the  sky  is  clear,  but  has  an  appearance  resem- 
bling tarnished  copper;  this  appearance  is  attributed  to  the 
>rays  refracted  by  the  earth's  atmosphere  into  the  shadow,  of 
^hich  it  consequently  diminishes  the  intensity. — &  the  moon 


sphere.  Its  disc  seldom  appears  well  defined,  apparently 
because  a  very  slight  degree  of  ui  unfavourable  state  in  our 
atmosphere,  for  viewing  it,  aB'ects  its  feeble  light. 

PeHta. 

Thift  planet  was  alio  discovered  by  I>r.  Olbers,  of  Bremen,, 
on  the  *28th  of  March,  1802.  Its  d»Lance  from  the  »\.j  iit; 
iie&Hy  364,000.000  miles  ^  its  *idereal  period  ia  1681  days,  17[ 
hours,  57  seconds  ;  and  its  diameter  i«  only  80  miles,  so  that' 
it  it  the  smallest  known  plnnet  of  the  Solar  System.  The  io-i 
climition  of  its  orbit  to  tlie  ecliptic  aaiounts  to  about  33''4 
It  is  of  a  dusky  whitish  colour,  and  appears  very  indistincti 
with  a  power  of  500,  unless  the  atmosphere  be  remarlcabljR. 
o\ettT, 

Dr.  Olbers  received  from  the  French  National  Institute,  La-^ 
lande's  priie  of  10,000  francs  (£417)  a  sum  appro^triated  to  the 
[mreon  whose  labours  molt  conlributed  to  the  promotion  oE 
aslrunomicat  knowledge,  in  the  year  of  its  discovery-  ,  - 

The  orbits  of  the  Ceres  and   PHllas  would  have  been  moM, 
properly  represented   in  the  plate  of  the  Solar  System,  by  - 
circle*  of  nearly  equal  sixe,  but  with  their  centres  a  little  oij  ' 
opiiflsite  sides  of  thai  of  the  sun.  , 

Boon  after  the  Ceres  and  Pallas  had  been  discovered,  Dr« 
Herschei  published  some  observations  upon  them;  and  taking! 
into  consideration  their  great  deviation  from  the  zodiac,  or 
track  of  the  planets  previously  known,  he  observed,  that  if 
they  were  admitted  into  the  order  of  planets,  we  must  give  up 
the  zodiac;  for  by  extending  it  to  them,  should  a  few  more  bft 
discovered,  still  farther  deviating  from  the  path  of  the  earth, 
we  might  soon  b«  obliged  to  convert  the  whole  Gnnanent  inta 
a  Eodiao,  that  is,  we  should  have  none  at  aJI.  Hence  he  pro-i 
posed  the  name  of  astetoida,  for  plantftary  bodies  of  the  df 
scription  in  question;  and  mado  the  d«Qn>tion  of  that  terinMf 
comprehensive,  aa  to  inclnde  all  that  were  likely  to  be  disco- 
vered :  and  he  distinctly  stated  his  belief  that  more  planetary 
bodies  deviating  from  the  zodiac  would  b«  discovered  :  a  coa^ 
jectare  which  was  realized  in  a  short  time  by  tlia  discovery  of 
the  Juno  and  Vesta.  Dr.  Thompson,  in  liia  History  of  tho 
Royal  Society,  of  which  society  Dr.  Herschal  is  nn  ilfuslriow 
member,  intimates  his  disapprobation  of  the  tf^rm  asleroidlh 
observing  that  h«  can  see  no  reason  why  the  stars  itib  ioteiMled 
to  designate  ought  not  to  be  called  planets,  unleaa  it  wor«ito 
prevent  their  discoverers  from  ranking  so  high  as  the  diaoor 
Yervr  of  the  Georgiom  Sidus.  This  insinuation  appean  tfW 
gratttitouB  to  be  consideiect  either  generous  or  just. 
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Solir  (tilna  rei  iened.— Jupiter  ■nd  hi(  fonr  SMelUlei. 

can  be  perceived,  at  other  tinien  eight.  They  are  sbmelim 
not  Tiarallel  to  one  another,  and  their  breadth  is  very  Viiriablrf,  K 
one  belt  having  been  observed  to  grow  narrow,  whi'lti  anothor  I 
in  its  neighbourhood  has  increased  in  breadth,  as  if  tlie  onk  1 
had  Howed  into  the  other;  and  in  this  case  Dr.  Long  0^*1 
Berves  that  a  part  of  an  oblique  bell  lay  between  them,  aa  If  | 
to  form  a  communication  for  this  purpose.  The  time  of  Ihsk  f 
continuance  ib  very  uncertain;  sometimes  remaining  1 
changed  for  three  months;  at  others,  new  belts  bav«  beefc  J 
formed  in  an  hour  or  two.  The  continuity  of  the  belts  ife  | 
sometimes  interrupted,  so  as  to  give  them  a  broken  appealt  I 
ance.  The  spots  and  belts  seen  on  the  7th  of  April,  179:2,  aift  I 
repT\:gented  by  fig.  o,  pi.  111.  The  belts  and  spots  are  cont  1 
sidered  to  be  the  body  of  the  planet,  anil  the  light  parts  tlA  I 
clouds,  transported  by  the  winds  with  different  velocities,  aM|  | 
in  diR'erent  directions. 

The  four  satellites  of  Jupiter  are  distinguished  by  their  situA^  j 
tion,  that  being  called  the  6rst  which  is  nearest  to  its  primal^  [ 
Their  periods  and  distances  are  as  follows  >  t 

Ptjr.   h.     n.       *.  Mild..  J 

aateUiterevalresin  1  16  27  33  attbedistance  or2^9.17A  I 

:d     ..           -.           3  13  13  42               ■-           iliM 

3rd      ..            .-            7  3  42  33                 ..            657.736 

4th      •.           ..          16  16  32     8               •.        1.166,640 


These  satellites  move  round  Jupiter  from  west  to  east,  aixl 
their  orbits  are  supposed  to  be  ellipses,  though  the  eccentn- 
city  of  all  of  them  is  too  small  to  be  measured,  except  that  of 
the  fourth ;  and  even  this  amounts  to  more  than  0,007  of  lu 
mean  distance  from  the  primary.  The  motions  of  the  firrt 
three  satellites,  Laplace  has  observed,  are  related  to  each  other 
by  a  most  singular  analog.  The  mean  sidereal  or  synodicxl 
motion  of  the  first,  added  to  twice  that  of  the  third,  is  coDr- 
stantly  equal  to  three  times  the  mean  motion  of  the  second. 
And  the  mean  sydereal  or  synodical  longitude  of  the  first, 
minus  three  times  that  of  the  second,  plus  twice  that  of  tht 
thir(\.  is  always  equal  to  two  right  angles. 

When  the  satellites  fall  into  the  shadow  of  the  primary,  we 
loose  sight  of  them  for  a  time,  and  they  are  said  to  be  eclipsed. 
The  three  nearest  are  eclipsed  every  revolution;  but  the  orbit 
of  the  fourth  is  bo  much  inclined,  that  it  passes  by  its  opposi- 
tion to  Jupiter,  without  falling  into  his  snadow,  two  years  ia 
six.  From  the  singular  analogy,  above  alluded  to.  it  follom 
that  (for  a  great  number  of  years  at  least)  the  lirst  three  satel- 
lites cannot  be  eclipsed  at  the  same  time  :  for  in  the  simuU 
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but  a  small  part  of  the  earth  at  once,  and  even  the  penumbra 
is  far  from  being  broad  enough  to  cover  the  whole  terrestrial 
disc. 

The  quantity  of  a  solar  eclipse  is  estimated  by  digits,  like 
un  eclipse  of  the  moon. 

The  gcnei*al  circumstances  of  solar  eclipses  are  the  follow- 
ing :  I .  None  of  them  are  univei*sal;  that  is,  none  of  them  are 
seen  throughout,  the  whole  hemisphere  which  the  sun  is  then 
above.  Commonly  the  moon's  uark  shadow  covers  only  a 
spot  on  the  eaith's  surface,  about  180  miles  broad,  as  indicated 
by  fig.  3,  when  tlie  sun's  distance  is  greatest,  and  the  moon's 
least;  but  her  partial  shadow,  or  penumbra,  may  then  cover  a 
circular  space  of  4900  miles  in  drameter,  within  which  the  sun 
is  more  or  less  eclipsed,  as  the  places  are  nearer  to  or  further 
froin  the  centre  of  the  penumbra.  In  this  case,  the  axis  of 
the  shade  passes  through  the  centre  of  the  earth,  or  the  new 
moon  happens  exactly  m  the  node,  and  then  it  is  evident  that 
the  section  of  the  shadow  is  circular;  but  in  every  other  case, 
the  conical  shadow  is  cut  obliquely  by  the  surface  of  the  earth, 
and  the  section  will  be  elliptical. — 2.  A  solar  eclipse  does 
not  appear  the  same  in  all  parts  of  the  earth  where  it  is  seen, 
but  when  in  one  place  it  is  total,  in  another  it  is  only  partial. 
Also,  when  the  moon  appears  much  less  than  the  sun,  as  is 
chiefly  the  case  when  she  is  in  apogee  and  he  in  perigee,  the  ver 
tcx  of  the  lunar  shadow  is  then  too  short  to  reacn  the  earth,  and 
th.ough  she  be  in  a  central  conjunction  with  the  sun,  is  yet  not 
large  enough  to  cover  his  whole  disc ;  the  portion  we  see  of  him 
resembles  a  lucid  ring  or  bracelet,  an  appearance  constituting 
what  is  called  an  amudar  eclipse.-^.  A  solar  eclipse  does  n  t 
happen  at  the  same  time  in  all  places  where  it  is  seen ;  but  ap 
pears  more  early  to  the  western  parts  than  the  eastern,  as  the 
motion  of  the  moon,  and  consequently  of  her  shadow,  is  from 
west  to  cast. — 4. .  In  nxost  solar  eclipses,  the  moon's  disc  is 
covered  with  a  faint  light,  which  is  attributed  to  the  reflection 
of  the  liglit  from  the  illuminated  part  of  the  earth. — 5.  In  total 
eclipses  ofthcrsun^the  moon's  limb  is  seen  surrounded  by  a  pale 
circU  of  light;  which  some  astronomers  consider  as  an  indica- 
tion of  a  solar  atmosphere,  because  it  has  been  observed  to 
move  equally  with  the  sun,  and  not  with  the  moon. 
*  Solar  eclipses  do  not  happen  at  every  new  moon,  for  the 
same  reason  that  lunar  echpses  do  not  happen  at  every  full 
moon,  that  is,  because  the  orbit  of  the  moon  is  not  coincident 
with  the  ccliptick  except  in  the  two  nodes;  but  solar  eclipses 
may  happen  at  the  distance  of  17^  from'the  nodes,  which  is  ^ 
range  of  5"^  on  either  side  more  than  the  arc  that  comprehends 
the  lunar  eclipses. 
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the  naked  eye.  His  diameler  is  79,042  lattea,  &nd  ha  en* 
ploys  10,743  days,  19  hours,  16  luiiiutes,  15  teconds,  in  re* 
rolviiig  once  round  the  sun,  so  that  the  length  of  his  year  it 
almost  thirty  of  ours.  His  diurnal  rotation  is  beliered  to  b^ 
performud  in  10  hours,  10  minutes,  2  seconds;  but  the  spottt 
the  motion  of  which  determine  this  point,  are  not  well  doi 
fined.  The  inclination  of  his  orbit  to  the  ecliptic  is  about  2) 
degrees;  but  the  inclination  of  his  axis  to  his  orbit  is  sup^ 
posed  to  be  60",  j 

Saturn,  when  riewed  through  &  good  telescope,  makes  • 
more  remarkable  appearnnae  than  any  of  the  other  planetft 
He  hus  bells,  somewhat  like  those  of  Jupiter,  though  fainterJ 
but  his  distinguishing  oharameristic  is  a  broad,  double,  lumW 
nous  rin^,  entirely  surrounfling  biin.  The  appearance  of  th* 
planet  through  a  good  telescope  is  shewn  by  fig.  &,  plate  III! 
The  ring  is  detached  from  his  body  in  such  a  manner,  thctt 
the  distance  between  ibe  innermost  part  of  the  ring  and  ihH 
hody  of  the  planet  id  equal  to  its  breadth.  Both  the  outward 
aed  iimard  rim  of  the  ring  is  projected  into  an  ellipsis,  morft 
or  less  oblong,  according  to  the  different  degrees  of  obliqaity 
wlili  which  it  is  viewed.  Sometimes  our  eye  is  in  the  plan* 
of  the  ring,  and  then  it  becomes  invisible  even  when  aoughl 
for  with  very  good  telescopes,  probably  because  it  is  in  that 
posiliua  too  Uiin  to  subtend  a  sulBcient  tngle,  at  such  • 
di^iance.  But  sometimes  it  may  be  detected  with  a  teUU 
scope  of  peculiar  excellence,  and  a  favourable  night,  and 
then  it  appears  like  a  very  slender  ray  of  light  across  the 
disc  of  the  planeL.  As  the  plan«  of  this  ring  is  alvays  pa- 
rallel to  itself,  that  is.  its  situation  In  one  part  of  the  orbit 
)&  always  parallel  to  that  in  any  other  part,  it  disappears 
about  every  15  years,  or  twice  in  every  revolution  of  the 
planet,  which  tiuiuftiines  appears  quite  round  fnr  nine  months 
together.  At  other  timc&,  Ui& distance  between  the  body  of  I 
the  planet  and  the  ring  is  very  perceptible,  so  that  stara  stay 
be  seen  through  it. 

When  Saturn  appears  round,  if  our  eye  be  elevated  above 
the  plane  of  tbe  ring,  a  tihadowy  belt  will  be  visible,  caused 
by  the  shadow  of  the  ring,  as  well  as  by  the  interposition  ai 
part  of  it  between  the  eye  and  the  planet.  The  ahaoow  of  tb« 
ring  is  broadest  when  the  sun  is  mostelsrated,  but  its  obscure 
paru  appear  braadent  when  our  eye  if  most  elevated  above  th«  ' 
plane  of  it.  When  it  is  seen  double,  tlus  ring  next  the  bodjt  ' 
oftlie  phtqel  appears  brlgrhMat.  When  the  rina  appears  of  an 
elliptical  form,  the  part^t  about  the  ends  of  thelargcst  axis  nrti 
Balled  the  c»«e.  TkeM.  a  little  before  and  ai'ter  thedisiippeaiU 
ing^of  4be  ring,  areul'  no  uiuqiial  imignitude;  tlie  luigestiuisa 
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i^urface*  including  the  large  ipace  a6;  within  which  pennmbra 
the  sun  appears  more  or  less  eclipsed,  as  the  plieices  are  more 
or  lets  disUot  from  its  rerge. 

Draw  the  right  line  y  12  across  the  siin's  disc,  perpendi- 
cular to  SXM,  the  axis  of  the  pentunbra;  then  divide'tne  line 
y  12  into  twelve  equal  paYts,  as  in  the  iigare,  for  the  twelve 
digits  or  equal  parts  of  the  sun's  diameter;  and,  at  equal  dis* 
iatices  from  the  centre  of  the  penumbra  at  €,  on  the  earth's 
surface  YY,  to  its  edge  a  b,  draw  12  concentric  circles,  marked 
vyith  the  numeral  figures  1  to  12,  and  remember  that  the  moon*s 
motion  hi  her  orbit  AMP,  is  from  west  to  east,  as  from  M  to  P; 
thfen,  to  an  observer  on  the  earth  at  b,  the  eastern  limb  of 
the  moon  at  d,  seems  to  touch  the  western  limb  of  the  son  at 
W,  when  the  moon  is  at  M ;  and  the  sun's  eclipse  begins  at 
b;  but  at  the  same  moment  of  absolute  time,  to  an  observer 
at  fi,  the  western  edge  of  the  moon  at  e  leaves  the  eastern 
edge  of  the  sun  at  V.  At  the  very  same  instant,  to  all  those 
who  live  on  the  circle  marked  1  on  the  earth,  the  moon  M 
cats  off  or  darkens  a  twelfth  part  of  the  sun  S,  and  eclipses 
him  one  digit;  to  those  who  live  on  the  second  circle,  the 
moon  cuts  off  two  digits ;  to  those  on  the  circle  3,  three  digits ; 
and  so  on  to  the. centre  at  12,  where  the  sun  is  centrally 
eclipsed.  It  is  evident  by  the  figure,  that  the  sun  is  totally 
or  centrally  eclipsed  but  to  a  small  part  of  the  earth  at  any 
time,  because  tne  dark  conical  shadow  at  e  of  the  moon  M, 
falls  but  on  a  small  part  of  the  earth,  even  when  it  covers  the 
largest  space  possible ;  and  that  the  partial  eclipse  is  con- 
fined at  that  time  to  the  space  included  by  the  ciftle  a  b,  of 
which  only  one  half  can  be  projected  in  the  figure,  the  other 
half  being  supposed  to  be  hidden  by  the  convexity  of  the 
earth  £:  and  likewise,  that  no  part  oif  the  sun  is  eclipsed  to 
the  large  space  YY  of  the  earth,  biscause  the  moon  is  not  be- 
tween the  sun  and  any  of  that  part  of  the  earUi ;  and  therefore 
to  all  that  part  tbe  e^i)>Be  is  invisible.  The  ^tth  turns  east- 
ward on  its  axis,  as  from  g  to  h,  which  is  the  same  way  tbiat 
the  mpon'a  shadow  moires ;  bat  Ihe  modn's  motion  in  her  orbit 
is  much  swifter  than  the  eai^'s  on  its  axis;  Md  therefore, 
although  eclipses  of  the  siin  are  of  longer  duration,  on  accotmt 
of  the  earth's  motion  on  its  axis,  than  they  would  be  if  iiM 
motion  were  stojpped,  yet,  in  £6ur  minotes  of  time  iA  th e  mofit« 
the  moon's  swifter  motion  danries  her  darii  eAiadow  qtiite  over 
any  place  tibat  its  cea(ire  touches  at  the  tim«  ^f  greatest  oV 
scuration.  The  teotion  of  tfte  shadow  on  ^a  earm^i  ^sc^  it 
eoual  to  the  nHOon^a.  ftiolion  firom  the  sun/ which  is  about  30|' 
of  ^  decree  eviec^r  hoar  at  a  mean  ^ate  j  but  so  madi  of  %ht 
mo^n'a  oAii  is  i&iMtio  30^  degrees  of  a  graaft  cirde  m  tlife 
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oeriodB  of  these  satellites,  and  their  distances   from  their 
primary,  ave  a»  follows : 


Ut  satellite  revolves  in  1  21  18  27  at  the  distance  of  170,000 

2nd  ..  ..  2  17  41  22  .-  217.000 

3d  ..  ..  4  12  23  12  ..  303,000 

4ih  ..  ..  15  22  41  13  ..  704,000 

5th  . .  . .  79    7  48  0  . .  205.000 

6th  ..  ..  I     8  S3  9  .,  135,000 

7th  ..  ..  0  22  40  46  .  107.000 

The  satellites  of  Jupiter,  we  have  observed,  are  enumerated 
and  distinguished  in  a  reo;ular  manner,  beginning  at  the  one 
nearest  the  primary ;  so  that  the  second  satellite  ia  the  second 
in  size  and  distance,  and  so  of  the  rest.  This,  it  appears 
above,  is  not  exactly  the  case  with  the  satellites  of  Saturn, 
and  the  reason  is,  that  the  tiist  five  satellites  were  discovered 
in  1685  by  Cassini  and  Huygens;  no  more  were  supposed  to 
exist,  and  they  were  called  the  rt,  2nd,  3d,  Sec.  reckoning 
from  the  planet;  but,  about  a  century  afterwards,  Dr,  Herschel 
discovered  two  others,  which  were  smaller  and  nearer  to  the 
planet;  these  ought  therefore  to  have  been  called  the  first 
and  second,  and  the  numerical  order  of  the  others  changed, 
BO  that  the  fifth  would  have  become  the  seventh.  But  to 
avoid  the  confusion  that  might  arise,  in  reading  astronomical 
works,  written  previous  to  the  Doctor's  discovery,  the  anomaly 
of  their  enumeration  was  allowed,  and  they  are  constantly 
reckoned  the  sixth  and  seventh. 

The  inclinations  of  the  orbits  of  the  first,  second,  third, 
and  fourth  satellites,  to  the  ecliptic,  are  from  30"  to  31".  That 
of  the  fifth,  is  from  17"  to  18".  This  satellite  ia  further  remark- 
able for  being  the  only  one  of  the  solar  system,  except  our 
own,  that  has  been  observed  to  have  any  apots.  From  these 
spots,  its  rotation  nn  its  axis  has  been  determined;  and  it  ia 
singular,  that,  like  the  moon,  it  revolves  round  its  axis  in  the 
aame  time  that  it  revolves  round  its  primary. 

The  satellites  of  Saturn  are  frequently  eclipsed,  and  these 
eclipses  would  be  of  the  same  use  as  those  of  Jupiter,  for  dia- 
cuvti'ing  the  longitude  of  places  on  the  earth,  but  their  vast 
distances  render  ihem  so  much  less  susceptible  of  accurate 
ohservaOon. 
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darkness  coming  on ;  for  they  expected  nothing  less  than  a 
total  eclipse  for  an  hoar  and  a  quarter. 

''  When  the  sun  looked  very  sharp  like  a  new  moon,  the 
sky  was  pretty  clear  in  that  spot;  out  soon  after  a  thicker 
cloud  covered  it,  at  which  time  the  iris  vanished^  the  copped 
hill  before  mentioned  grew  very  dark^  together  with  the  nori- 
zon  on  both  sides,  that  is,  to  the  norUi  and  south,  and  looked 
blue;  just  as  it  appears  in  the  east  at  the  declension  of  day. 
We  had  scarce  time  to  tell  ten,  when  Salisbury  steeple,  six 
miles  off  southward,  became  Very  black ;  the  copped  hill  quite 
lost,  and  a  most  gloomy  night  with  full  career  came  upon  us. 
At  this  instant  we  lost  sight  of  the  sun,  whose  place  among 
the  clouds  was  hitherto  sufficiently  distinguishable,  but  now 
not  the  least  trace  of  it  to  be  found,  no  more  than  if  really 
absent :  then  I  saw  by  my  watch,  though  with  difficulty,  and 
only  by  help  of  some  light  from  the  northern  quarter,  that  it 
was  6  hours  36  minutes.  Just  before  this,  the  whole  compass 
of  the  heavens  and  earth  looked  of  a  lurid  complexion,  pro* 
perly  speaking,  for  it  was  black  and  blue,  only  on  the  earth, 
upon  tne  horizon,  the  blure  prevailed ;  there  was  likewise  in 
the  heavens,  among  the  clouds,  much  green  interspersed,  so 
that  the  whole  appearance  was  really  very  dreadrul/  and  as 
symptoms  of  sickening  nature. 

"  rfow  I  perceived  us  involved  in  total  darkness  and  palpa- 
ble, as  I  may  aptly  call  it;  though  it  came  quick,  yet  I  was  so 
intent,  that  I  could  perceive  its  steps,  and  feel  it  as  it  were  drop 
upon  us,  and  fall  on  the  right  shoulder  (we  looking  westward) 
liice  a  great  dark  mantle  or  coverlet  of  a  bed  thrown  over  us,  or 
like  the  drawine  of  a  curtain  on  that  side;  and  the  horses  we 
held  in  our  hands  were  very  sensible  of  it,  and  crowded  close 
to  us,  startling  with  great  surprise ;  as  much  as  I  could  see  of 
the  men's  faces  that  stood  by  me,  fiad  a  horrible  aspect.  At 
this  instant  I  looked  around  vAe,  not  without  exclamations  of 
admiratioQ,  and  could  discern  colours  in  the  heavens,  but  the 
earth  had  lost  its  blue,  and  was  wholly  black;  for  some  time 
limong  the  clouds,  there  were  visible  streaks  of  rays  tending 
to  the  place  of  the  sun  as  their  centre;  but  ifnmediately  after 
the  whole  appearance  of  earth  aiid  sky  was  entirely  black :  of 
all  things  I  ever  saw  in  my  life,  or  can  by  imagination  fancy, 
it  was  a  si^ht  the  most  tremendous. 

''  Toward  the  north-west,  whence  the  eclipse  came,  I  could 
not  in  the  least  find  any  distinction  in  the  horizon  between 
heaven  and  earth,  for  agood  breadth  ofabout  sixty  degrees  or 
more;  nor  the  town  of  Amsbury  underneath  us,  nor  scarce  the 
ground  we  trod  on.  I  turned  myself  round  several  times  during 
ttis  tbta)  darkness,  and  vetnarked  at  a  good  distance  from  the 
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Ist  satellite  revolves  ia    5  21  96/  4t  the  distance  of  230,334 

2Qd      ..  ••  d  18    0  ..  298,838 

3d 

4th 

5th 

6th 


«  « 

•*• 

••••• 


•.10-23-  4 348,398 

.  KJ  13    0 ••  •       399,434 

•  38     149       •        •..  ^     798,920 

^  107  16  40               v.  '■    •  1,597,736 


These  satellites  move  4n  a  piane  nearly  perpeirdicular  to  the 
plane  of  the  planet's  orbit>  •  and*  contrary  to'  the  order  of  the 
signs.  


The  following  Synopsis  of  the  planetary  svjitem,  will 
enable  the  reaafer  to  compare  the  corfesppp3mg  circum- 
stances of  the  planets  with  each  otheir,  and  to  refer  to  them 
with  facility : 

Distances  of  the  Planets  from  the' Siih  in  English  miles. 

Mercury. •.,. %..wvw.;w;i  •  37,000;;000 

Veous... ..««.>.... WW. 4. ••<•••  68^000,000 

Earth ^ 96,000,000 

Mars 144,000,000  ;      / 

Vesta '216,000iP00^      ' 

Juno   243,000,000 

Ceres 263,0P0400 

Pallas.. ;..•;:•:.;:•;...;....;; '  26i^^o 
Jupiter  •;. . ;. .'. . ;.  ..*.:;. ;. . . .  .* '  490^,eoo 

Saturn    .............  ...V......*  *  SOiO,bOO>900 

Herschel    ....V.  .;..•..  ...v....  1,800,000,000 

Diameter  of  the  Sm  drid  Ptaneti  in  EngUsh:  miles. 

Sun  .....•- w^  883,246 

Mercury    3,224 

Venus    ...n. t %tiii\^yi* H ..f..fi**v..-%K.r .  < 7,687  ' 

Earth     7,911 

Moon   ^..a 2,180 

Mars  •;4.b;.'...#..##^#^r#^«^^#.**»*«^  •  4il99 

Yest^.;..*' ««.4«»i»«      '<SSr 

Juno  . •  •«  b-. . .•»»«^^»#*'<f  4 #tf « ««« ^.'.* '  1^4' 
\/ercfw«  •  •^  4^» .  »•••••••.•.•.••'.*.*.*•*.'•*•*•*.*•*•*  *     '1^ 

Jupltferi a.  a . .,^..... ..^....•^..^*....  sf .  89,170 

SitWi ;  J.  ii .  .^^^^^^^^^^^.  .\ w Ci .  '79,04^ 
HerMhd!  i^;;/4Ji^W'4^.»;aw.wvv>;^#^l/  95,11% 


« 
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ivay  was  undistinguisbtble ;  immediately. we  heard  the  larkj 
chirpingt  and  ftingiDg  very  briskly*  for  joy  of  the  restored 
lumiuary,  after  all  things  had  been  hushed  into  a  most  pro- 
found and  universal  silence.  The  heavens  and  earth  now  ap* 
E  eared  exactly  like  morning  before  sun-rise,  of  a  grayish  cast» 
ut  rather  more  blue  interspersed;  andtbe^arth,  so  far  as 
the  verge  of  the  bill  reached,  was  of  a  dark  green  or  russet 
colour, 

"  As  soon  as  the  sun  emerged,  the  clouds  <xrew  thicker,  and 
the  light  was  very  little  amended  for  a  minute  or  more,  like  a 
cloudy  morning  slowly  advancing.  After  about  the  middle  of 
the  totality,  and  so  after  the  emersion  of  the  sun,  we  saw 
Venus  very  ptainlv,  but  no  other  star.  Salisbury  steeple  now 
appeared.  The  clouds  never  removed,  so  that  we  could  take 
no  account  of  it  afterwards,  but  in  the  evening  it  lightened 
very  much.     I  lusted  home  to  write  this  letter;  and  the  im- 

{^ression  was  bo  vivid  upon  ray  mind,  that  I  am  sure,  I  could 
or  some  days  after  have  wrote  the  same  account  of  it,  and 
very  precisely.    After  supper  I  made  a  drawing  of  it  from  my 
imaginatioD,  upon,  the  same  paper  I  had  taken  a  prospect  of  ^ 
the  country  before. 

^ "  I  must  confess  to  you,  tliat  I  was  (I  believe)  the  only 
person  in  England  that  regretted  not  the  cloudiness  of  the  day, 
which  added  so  much  to  Uie  solemnity  of  the  sight,  and  which 
incomparably  exceeded,  in  my  apprehension,  tliat  of  1715, 
which  I  saw  very  perfectly  from  the  top  of  Boston  steeple,  in 
Lincolnshire,  where  the  air  was  very  clear;  but  the  night  of 
this  was  more  complete  and  dreadful:  there,  indeed,  I  saw 
both  sides  of  the  shadow  come  from  a  great  distance,  and  puss 
beyond  us  to  a  great  distance;  but  this  eclipse  had  much  more 
of  variety  and  majestic  terror;  so  that  I  cannot  but  felicitate 
myself  upon  the  opportunity  of  seeing  these  two  rare  accidents 
of  nature,  in  so  different  a  manner:  yet  I  should  willingly 
have  lost  this  pleasure  for  your  more  valuable  advantage  of 
perfecting  the  noble  theory  of  the  celestial  bodies,  which  last 
time  you  ^&ve  the  world  so  nice  a  calculation  of;  and  wish 
the  sky  Ixad  now  as  much  favoured  us,  for  an  addition  to  your 
honour  and  great  skill,  which  I  doubt  not  to  be  as  esutct  in 
tliis  as  before." 
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Tropical  Revoltilions  of  the  Planets  round  Ike  Su/ 


Mercnry 87  23  14  33 

Venus 224  16  41  27 

Earth    365  5  48  49 

Mare 686  22  18  27 

Jupiter 4,330  14  39  2 

Satnm 10.746  19  16  16 

Herachel 30,637  4  0  0 

Moon  (round  the  earth)  . .        27  7  43  5 

(J 

Or  Comets. 

We  have  yet  to  mention  a  numerous  class  of  bodies,  which 
frequently  ajipear  within  the  limits  of  the  planetary  orhiLs,,' 
Biirt   some   or   all   of  which   certainly   belong   to    the   solar. 
system.     We  allude  to  comets,  respecting  the  nature,  num-j 
ber,  and   use  of  which   the   opinions  of  philosophers  have,  ' 
been    exceedingly   divided,    and   very   little   has   yet    been,  * 
determined  in  a  satisfactory  manner,  unless  it  be  the  oiani-,  j 
feat  truth,  that  they  are  not  to  be  considered,   as  formerly.j 
the   portentous   heralds   of   calamities   to   mankind.      They^^ 
are,  doubtless,  noble  parts  of  the  creation,   traversing  theirl^l 
appointed   course,  without  any  connection   with   the  earth, 
except  as  parts  of  the  same  whole;    and   the  appearances; 
they   present   to   us   arise   only  from   peculiarities  of  their   ' 
constitution,  indispensable  probably  to  the  comforts  of  their 
inbabitantB. 

The  curves  in  which  comets  move  are  generally  considered, 
to  be  very  eccentric  ellipses,  so  that  comets  can  only  be  seen, 
during  their  vicinity  to  the  sun,  and  are  invisible  to  us  during;  • 
the  greater  part  of  their  course.     Their  periodical  limes  are,  ' 
so  very  long,  and  so  difficult  to  be  ascertained,  that  very  few, 
of  them  have  been  observed  twice,  and  when  their  appear-, 
ance  agrees  with  the  time  foretold,  it  is  almost  impossible  to 
identify  them.     Their  appearances  are  very  different.     Some;  . 
of  them  resemble  a  faint  vapour;  others  have  a  perceptible, 
nucleus  or  solid  part  in  the  middle.     When  they  approach.  ' 
near  the  sun,  they  put  forth  the  appearance  of  a  beard  or. 
tail  of  luminous   matter,   which   is  diSerently  denominate^ 
according  to  their  position.     When  the  comet  is  eastward, 
-of  the  sun,  and  moves  from  the  sun,  it  is  said  to  be  bearded^ 
because  the  luminous  elongation  goes  before  it.     When  the, 
comet  is  westward  of  the  sun,  ana  acts  after  him,  it  is  then 
said  to  have  a  taii.  because  the  luminous  elongation  follows  it  j 
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An  astronomical  day  is  somewhat  greater  than  a  tidereal 
year,  which  is  the  time  employed  by  the  earth  in  revolving  on 
its  axis,  and  is  at  all  times  of  the  year  immutably  the  same. 
It  will  easily  be  understood,  that  at  every  complete  rotation 
of  the  earth,  the  same  fixed  stars  will  be  on  the  meridian; 
but  that  this  cannot  be  the  case  with  the  sun,  beoauae,  during 
the  earth's  rotation,  the  sun*  has  advanced  eastward  and  left 
4he  star,  and  therefore  the  earth  has  to  [make  somewhat  more 
than  one  turn  before  the  sun  comes  a  second  time  to  the 
wine  meridian.  '  If  the  mean  astronomical  or  civil  day  be 
taken  equal  to  24  hours,  the  duration  of  the  sidereal  day^will 
i>e  23h.  661  4.V\  Hence  a  star  which  was  on  the  meridian 
with^he  sun,  will  be  on  the  meridian  3'  56^  before  the  next 
jioon ;  3'  56^  being  the  difference  between  a  solar  and  sidereal 
day. 

The  civil  day;  or  astronomical  day  accommodated  to  civil 
purposes,  begins  with  different  nations  at  different  times:  The 
Egyptians  began- their  day  at  midnight;  the  same  method 
prevails  in  Gr^t  Britain,  France,  Spain,  and  most  parts  of 
Europe.  The  Babjrlonians  began  their  dav  at  sun-rising, 
reckoning  the  hour  immediately  before  its  rising  again,  the 
24th  hour  of  the  day,  whence  the  hours  reckoned  in  this  way 
are  called  the  Babylonic.  In  several  parts  of  Germany  and 
Italy,  they  begin  their  day  at  sun-setting,  and  reckon  on  till 
it  sets  next  day,  calling  that  the  24th  hour  f  these^  are  gene- 
rally termed  Italian  hours.  The  Jews  also  began  their  day  at 
sun-setting,  but  then,  like  us,  they  divided  it  into  parts  of 
12  hours  each.  The  Romans  also  reckoned  their  hours  in  this 
mianner,  and  the  Turks  do  the  same  at  this  day. 

An  hour  may  be  considered  either  as  an  equal  or  unequal 
portion  of  time.  Equal  hours,  or  those  in  common  use,  are  the 
twenty-fourth  part  of  a  day  and  night  precisely.  They  are 
likewise  called  equinoctial  hours,  because  they  are  measured  on 
the  equinoctial;  and  astronomical,  because  used  by  astrono- 
mers.    Unequal  hours  are  those  by  which  the  artificial  day  is 


*  NothiDg  is  more  eoramon,  in  tstronomictl  trettiset,  Ihta  to  fp«tk  of  the  BiiB't 
motion,  ts  if  that  laminarj  ktd  a  rttl  motion  in  the  ediptio  or  tbroagh  tb<  sodiao.  Tbii 
mode  of  speech  it  nsed,  bocanse  it  is  easiljr  explained,  that  the  son's  motion,  like  4hat  of 
the  shore  to  a  person  in  a  ship,  is  onlj  apparent,  the  real  motion  belonging  to  the  earth, 
Irhich,  in  different  sitoations  of  its  orbit,  necessarllj  indnees  the  terrestrial  spectator  to 
tnasfer  the  sitaation  of  the  son  to  a  different  position  in  the  sphere.  It  is  an  acconmo* 
dation  to  the  ordinary  testimony  of  oar  senses,  that  introdaces  no  coafasion  of  idem  f- 
'iMitit  shews  at  the  same  time,  that  even  in  this  daj,  a  mode  of  speech  is  thought  expe- 
ilent,  that  in  earlj  ages  was  certainly  indisprosable,  when  the  son  was  commanded  to 
stand  stiJI,  and  Tirtaallj  obeyed. 


'  obaerved  by  Dc.  Herschel,  fourteen  urere  oT  this  descriptioi 
and  the  other  two  had   only  a  very  ill-defined   central    igf 
M'liich  peihaps  might  be  called  »  nucleus,  but  not  a  disc. 
this  want  of  a  ivelT-defined  disc  or  nucleus,  that  renders  manj^ 
of  the  observations  on  comets  uncertain.  " 

From  observations  of  the  comet  of  1<J80,  Sir  Isaac  KewtOQ 
found,  that  the  vapour  in  the  estremrly  of  the  tail,  January' 
'26th,  began  to  ascend  from  the  head- before  December  11th; 
and  had  therefore  spent  more  than  forty-five  days  in  its  ascent;' 
but  that  all  the  tail  which  appeared  December  10th,  ascended 
ill  the  space  of  those  two  days,  then  just  past  since  its  peri-' 
helion.  The  vapour,  therefore,  at  the  beginning,  when  the' 
comet  was  near  the  sun,  ascended  wiiJi  a  prodigiona  swiftness;; 
and  afterwards  continued  to  ascenil  with  a  inution  retarded^ 
by  the  gravity  of  its  particles,  and  by  that  ascent  increased 
the  length  of  the  tail ;  but  the  tail,  notwithstanding  its  length, 
consisted  almost  wholly  of  vapours,  which  had  ascended  froiq' 
the  time  of  its  perihelion;  and  tlie  vapour  which  ascended' 
first,  and  composed  the  extreme  of  the  tail,  did  not  vanish  till 
i£  was  loo  far  from  the  sun  to  be  illuminated  by  him,  and  from' 
us  to  be  visible.  Hence,  also,  the  tails  of  comets  that  are' 
shorter,  do  not  ascend  with  a  quick  and  continual  motion  from' 
the  head,  and  then  presently  disappear;  but  are  permanent' 
columns  of  vapours  and  exhalations,  gathered  from  the  head, 
by  a  very  gentle  motion,  and  a  great  space  of  time;  which 
yet,  by  participating  of  that  motion  of  their  heads  they  had 
at  the  beginning,  continue  easily  to  move  along  with  their! 
heads  through  the  celestial  regions. 

The  ascent  of  the  vapours  from  a  comet,  will  be  promoted' 
by  their  circular  motion  round  the  sun,  and  will  endeavour  to' 
recede  from  the  sun,  as  smoke  recedes  from  a  fire ;  and  there-' 
lore,  the  more  the  comets  advance  into  the  dense  atmosphere' 
of  the  sun,  their  tails  will  be  the  greater.  The  vapours 
bfiing  thus  dilated,  rare&ed,  and  diUVised  throughout  all  the 
celestial  regions,  Newton  thought  they  might  probably,  by 
little  and  little,  tlirou^h  their  own  gravity,  be  attracted  down 
to  the  planets,  and  become  intermingled  with  their  atmo- 
spheres, to  which  they  would  furnish  fresh  accessions  of 
pure  particles,  and  supply  the  loss  of  air  and  moisture 
sustained  by  the  processes  of  life  and  vegetation.  Another 
use  he  supposed  comets  may  be  designed  to  serve,  is  that 
of  supplying  the  sun  with  fresh  fuel.  This  may  happen  from 
gtbeir  suffering  a  diminution  of  their  projectile  force,  when' 

I  perihelion,  from  the  resistance  of  the  solar  atmosphere; 

t  that  by  degrees,  their  gravitation  towards  the  sun  may 


^ 
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The  5o/ar  month  is  the  time  in  which  the  siin  passes  throoeh 
one  sign  of  the  zodiac ;  its  length  is  variable,  because  th# 
motion  of  the  sun  is  so :  at  a  mean  rate,  it  consists  of  30  days, 
10  hours.  29*  5". 

A  cml  or  political  monik  is  a  portion  of  time  set  out  by  the 
custom  of  particular  nations,  without  any  precise  regard  to 
the  celestial  motions.  The  British  and  most  European  na- 
tions make*  twelre  ^months  in  the  year. 

Civil  lunar  months  consist  alternately  of  29  and  30  daya 
Thus  two  of  these  months  are  nearly  equal  to  two  astrono- 
mical months,  and  the  new  moon  will  be  kept  to  the  first 
day  of  such  civil  months  for  a  longer  time  together.    This 
was  the  month  in  common  use  till  the  time  of  Julius  Cesar. 

The  civil  solar  month  is  the  one  at  prtesent  in  nse.  It  was 
introduced  by  Julius  Cesar.  It  consisted  at  first  alternately  of 
30  and  31  days,  excepting  one  month  of  the  twelve,  which  in 
every  fourth  year  consisted  of  thirty,  and  for  the  other  three 
years  of  29  days.  This  arrangement  was  altered  a  little  by 
Augustus,  whose  name  was  given  to  the  month  previously 
called  Sextilis,  and  to  make  it  equal  to  any  of  the  rest,  the 
number  of  the  days  it  contained  was  increased  from  30  to  31. 
The  day  thus  added  to  it,  was  taken  from  February,  which 
month,  from  that  time,  had  only  28  days,  except  in  every 
fourth  year,  when  it  received  the  intercalary  day.  ,  The  civil 
months  thus  determined  in  the  reign  of  Augustus,  hare 
remained  in  use  to  the  present  time,  and  are  common  to  all 
Europe ;  they  are  the  same  with  what  we  usually  call  calen- 
dar months. 

Of  the  Year. 

The  smaller  divisions  of  time,  under  the  same  name,  differ* 
ing  from  each  other  according  to  the  motion  by  which  they 
are  measured,  it  will  necessarily  follow  that  the  large  divisions 
will  admit  variations,  according  to  the  value  of  their  integral 
parts. 

The  solar  year,  or  tropical  year,  is  the  time  that  the  6un  takes 

to  pass  through  the  twelve  signs  of  the  zodiac,  or  from  one 

equinox  to  the  same  again,  and  constitutes  a  natural  division 

•  oftime,  because  the  seasons  always  fall  in  the  same  months* 

Its  length  is  equal  to  365  days,  6  hours,  48'  49^. 

The  tropical  year  is  dividea  by  astronomers  into  four  parts, 
determined  by  the  two  equinoxes  and  solstices.  The  interval 
between  the  vernal  and  autumnal  equinoxes  is  (on  account  of 
the  eccentricity  of  the  earth's  orbit,  and  its  unequal  velocity 
therein)  nearly  8  days  longer  than  the  interval  oetween  the 
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Is  it  not  then  at  least  reasonable  to  adopt  tlie  opinion,  that  the 
comets  areco-existent  with  the  planets;  nndthatllie  sun's  waste 

LivC  matter  is  supplied  by  other  means  than  their  destruction? 

I  '  Rowning,  who  is  not  satisfied  with  Sir  Isaac  Newton's 
theory  of  comets,  accounts  for  their  tails  in  the  following 
manner;  It  is  well  known,  that  when  the  light  of  the  sun 
passes  through  the  atmosphere  of  any  body,  as  the  earth,  that 
which  passes  on  one  side  is  by  the  refraction  thereof  made  tc 
converge  towards  that  which  passes  on  the  opposite  one;  and 
the  convergency  is  not  wholly  effected  either  at  the  entiance  of 
the  light  into  the  atmosphere,  or  at  its  going  out ;  but  begin- 
ning at  its  entrance,  it  increases  in  every  point  of  its  progresit. 
It  is  also  agreed,  that  the  atmospheres  of  comets  are  very  large 
and  dense.  He  therefore  supposes  that  by  such  time  as  the 
light  of  the  sun  has  passed  through  a  considerable  part  of  the 
ftlmosphere  of  a  comet,  the  rays  are  so  far  refracted  toward 
each  other,  that  they  then  begin  sensibly  to  illuminate  it,  or 
rather  the  vapours  floating  in  it ;  and  so  render  that  part  they 
have  yet  to  pass  through  visible  to  us :  and  that  this  portion 
of  tile  atmosphere  of  a  comet,  thus  illuminated,  appears  to  iis 
ill  the  form  of  a  beam  of  the  sun's  light,  and  passes  under  the 
denomination  of  a  comet's  tail.  Some  comets  have  had  tails 
extending  80  millions  of  miles. 

This  opinion,  that  the  comet's  tail  is  merely  an  optical  ap- 
pearance, produced  by  the  light  streaming  througli  a  dense 
and  very  extensive  atmosphere,  is  at  the  least  exceedingly  spe- 
cious. If  the  tail  be  nothing  but  light,  we  can  readily  account 
for  its  not  distorting  the  rays  firom  the  smallest  stnr  seen 
through  it;  and  it  is  not  difficult  to  admit  that  such  an  atmo 
sphere  myst  render  the  solid  opaque  body  of  the  comet  very 
indistinct,  if  not  altogether  invisible.  This  theory  of  comtts 
it  has  been  proposed  to  elucidate  by  experiment:  Take  a  gtnsB 
globe,  suspend  a  small  opaque  globe  in  the  middle  of  it,  and 
then  expose  it  to  a  strong  stream  of  light,  as  from  a  fire  or  a 
number  of  candles,  while  it  is  so  placed  in  an  aperture  of  a 
wall  or  door,  that  the  light  which  passes  through  it  may  be 
seen  in  a  darkened  room:  but  the  imitation  of  tlie  cometary 
phenomena  will  not  be  good,  from  the  envelope  of  the  glass, 
nor  equal  to  what  it  would  be  if  the  water  were  in  a  state  of 

Kepler's  law  of  the  analogy  between  the  periodical  times  of 

the  planets,  and  their  distances  from  the  sun,  is  applicable  also 

to  the  comets.     Hence  the  mean  distance  of  a  comet  from  the 

n  may  be  found  by  comparing  its  period  with  the  time  of  the 

rlh*s  revolution  round  the  sun :  thus  the  period  of  the  comet 

Riat  appeared  in  1531,  1607,  1682,  and  1759.  bein"  about  76 
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cal  montlui;  and  is,  therefore,  354  days,  8  hoars,  48^,  3S^, 
being  10  days,  21  hours,  11"  shorter  than  the  solar  year. 

The  lunar  civil  year  is  either  common  or  embolimic.  The 
common  lunar  year  consists  of  12  lunar  civil  months,  and 
contains  354  days.  The  embolimic  lunar  year  consists  of  13 
lunar  civil  months,  and  contains  384  days. 

The  ancient  Roman  year,  as  first  settled  by  the  Romans, 
contained  only  10  months,  and  in  all  304  days. 

The  Egyptian  year,  called  also  the  year  of  Nabonassar,  con- 
tains only  o65  days,  divided  into  12  months  of  30  days  each, 
with  five  intercalary  days  added  at  the  end.  Thus  the  Egyp* 
tian  year  loses  a  whole  aay  of  the  Julian  year  every  four  years, 
and  after  the  space  of  1460  years,  it  begins  with  the  Julian 
year,  which  length  of  time  is  called  the  Lothic  period. 

The  ancient  Greek  year  consisted  of  12  months,  which  at 
first  were  divided  into  30  days  each;  but  afterwards  each 
month  contained  29  and  30  days  alternately ;  and  this  year 
was  computed  from  the  first  appearance-  of  the  new  moon, 
with  the  addition  of  an  embolimic  month  of  30  days,  every  3d, 
6th,  8th,  lltb,  14th,  16th,  and  19th  year,  in  order  to  keep  the 
new  and  full  moons  to  the  same  seasons  of  the  year. 

Not  only  the  length  of  the  year,  but  the  time  of  its  com- 
mencement, has  been  differently  reckoned  among  different 
nations.  The  Chaldeans  and  Egyptians  commenced  their 
year  at  the  autumnal  eauinox.  The  Jews  reckoned  their  civil 
year  from  the  same  period,  but  began  their  ecclesiastical  year 
m  the  spring.  Some  of  Grecian  states  commenced  their  year 
at  the  vernal  equinox,  others  at  the  autumnal  equinox,  and 
some  at  the  summer  solstice.  The  Roman  year  at  one  time 
began  in  March,  but  afterwards  was  made  to  commence  in 
January.  The  new  year's  day  of  the  church  of  Rome  is  fixed 
on  the  Sunday  nearest  the  full  moon  of  Uie  vernal  equinox. 
In  England,  the  year  began  in  March,  till  1762,  when  the 
style  was  altered,  and  the  year  was  at  the  same  time  settled 
to  commence  on  the  first  of  January.  The  period  between 
the  Ist  of  January  and  the  25th  of  March,  was  for  some  time 
subsequently  to  the  alteration  of  the  style,  expressed  thus: 
1735-6,  or  i73f,  forms  of  writing  which  have  now  become 
obscure.  0 

Of  the  Lunar  and  Solar  Cycles  and  Indict  ion. 

A  cycle  is  a  perpetual  circulation  of  a  certain  fixed  and 
determinate  space  of  time. 

The  ci/cle  of  the  sun  consists  of  28  years ;  at  the  end  of 
which  time,  the  days  of  thp  months  return  again  to  the  same 


that  the  former  would  retard  its  return  in  tlie  last  period  100 
days,  and  the  latter  511  days;  and  he  determined  the  time 
when  the  comet  would  come  to  its  perihelion  to  be  April  16, 
1759,  observing,  that  he  might  err  a  month,  from  neglecting 
small  quantities  in  the  computation.     It  passed  the  perihelion 
on  Murch  13,  within  thirty-three  clays  of  the  time  computed. 
This  is  the  first  comet  the  period  of  which  was  foretold,  and 
the  prediction  was  verifieti.     It  did  not,  however,  make  any 
considerable  appearance,  by  reason  of  the  unfavourable  situa- 
tion of  the  earth,  all  the  time  its  tail  might  otherwise  have 
been  conspicuous,  the  comet  being  then  too  near  the  sun  to 
be  seen  by  us.     "Let  ua  remark,"   eaya  La])Iace,  "for  the 
honour  of  the  human  understanding,  that  this  comet,  which  in 
this  century  only  excited  the  curiosity  of  astronomera  and 
malhematiciana,  had  been  regarded  in  d  very  dilTerent  manner, 
four  revolutions  before,  when  it  appeared  in  1456.     Its  long 
tail  spread  consternation  over  all  I:.urope.  already  terriBed  by 
the  rapid  success  of  the  Turkish  arms,  wnich  had  just  destroyed 
the  great  empire.     Pope  Callixtus,  on  this  occasion,  ordered 
B  prayer,  in  which  both  the  comet  and  the  Turks  were  included 
n  one  anathema!" 
Five  hundred  comets  are  supposed  to  have  appeared  since 
I  the  commencement  of  the  Christian  era.     Of  tiiese  probably 
a  considerable  number  are  the  different  apnearances  of  the 
'  same  comet ;  but  our  knowledge  of  these  bodies  is  so  much  in 
L  its  infancy,  the  period  of  accurate  observations  lins  so  lately 
1  commenced,  that  we  have  as  yet  but  slender  means  of  deteiT  i 
I  mining  any  question  respecting  them.  :  , 

Of  the  PixED  Staks.  ' 


When  we  have  separated  the  planets  and  comets  from  our 

t  consideration,  we, find  that  all  the  other  bodies  of  the  sphere 

',  constantly  preserve  the  same  situation  with  respect  to  each 

"Anther;  fur  this  reason  they  are  called  yijed  start.     They  ob- 

'  riouslv  differ  again  from  the  planets,  by  the  twinkling  of  their 

It  ligl'l.  however  clear  the  atmosphere ;  to  the  unpliilosophic  eye 

Mtbey  appear  to  be  innumerable,  but  this  is  only  in  consequence 

of  their  being  scattered  over  the  expanse  ofheaven  apparently 

ji  without  order,  and  our  not  being  able  to  see  tlicm  all  at  once, 

»Of  this  deception  of  sight,  we  may  soon  coiirince  uurselveE, 

L  l>y  selecting  any  particular  portion  of  the  heavetia.  and  count- 

Wing  the  stars  it  contains;  the  number  of  which  will  be  found 

L  very  small.     The  whole  number  of  stars  which  can  hr  seen  at 

once  by  the  naked  eye,  is  not  above  500;  but  soon  eflcr  tb« 

invention  of  the  telescope,  the  number  actually  noted  down  in 

catalogues  amounted  to  3000.     The  further  teleacopes  l>av« 
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b^^eii  improved,  the  more  have  been  discovered,  wbA  Dr.  Hem 
eehel  has,  in  our  own  time,  added  at  least  30,000  td  those  for« 
merfy  kn6wn« 

Before  we  venture  upon  nny  speculations  with  respect  to  t&ef 
nsfture  of  the  fixed  stars,  it  will  be  proper  to  obtain^  if  po8sible»i 
some  idea  of  their  distances*  For  this  purpose,  we  must  re*^ 
mind  the  reader  of  the  nature  of  a  parallax,  which  signifies  the 
angle  subtended  by  the  visual  rays  oooring  from  an  object 
viewed  at  two  difllerent  situations.  The  moon,  it  has  been 
shewn  at  page  622,  is  so  near  us,  that  its  distance  may  be 
asi^ertainea  tolerably  well  by  a  horizontal  parallax,  which  is 
equivalent  to  viewing  it  from  two  situattons  separated  by  the 
semi-diameter  of  the  earth,  or  nearly  4000  miles.  But  the  dis- 
tance of  the  sun  is  found  to  be  so  great,  that  a  horizontal  pa- 
rallax will  not  give  a  satilftictory  result;  philosophers  there- 
fore, it  has  bee.n  shewn,  turned  their  attention,  for  ascertaining 
the  distance  of  this  luminary,  to  the  transits  of  Venus,  by  which 
nearly  the  whole  diameter  of  the  earth  formed  a  parallax,  and 
enabled  them  to  solve  the  problem.  Two  stations,  however, 
separated  by  the  whole  diameter  of  the  earth,  are  utterly  in- 
capable of  shewing  us  the  distance  of  a  fixed  star.  What  re- 
source then  has  human  ingenuity  left?  One  which  might  surely 
be  thought  sufficient,  that  of  viewing  and  taking  the  parallax 
of  these  bodies  from  two  opposite  parts  of  the  earUi  s  orbit. 
This  is  called  the  great  parallax,  or  annual  parallax.  By  means 
of  the  zenith  sector.  Hook,  Flamsteed,  and  Bradley  observed, 
for  some  time,  at  the  spring  and  autumnal  equinox,  the  transit 
of  y  Draconis  over  this  perpendicular  telescope,  hoping  that 
the  diameter  of  the  earth's  orbit  might  make  an  angle  or  pa- 
rallax with  it.  They  were  disappointed.  The  star  was  seen 
so  near  the  same  place,  at  eacn  of  the  earth's  two  stations, 
which  are  nearly  200  millions  of  miles  distant  from  each  other, 
that  no  estimate  could  be  made!  Bradley  gifessed  there  might 
le  an  angle  of  about  two  seconds,  which  would  make  the  star 
400,000  times  further  from  us  than  the  sun.  Cassini  supposed 
the  annual  parallax  of  Sirius,  which  of  all  the  fixed  stars  is 
considered  the  nearest,  to  be  six  secoAds,  from  which  it  was 
.calculated  to  be  18,000  times  further  fkrom  us  than  the  sun. 
Nothing,  however,  on  this  subject,  has  been  determined  with 
certainty,  except  the  simple  but  truly  astonishing  truth,  that 
the  space  of  200  millions  of  miles  is  an  insensible  point,  when 
compared  with  the  distance  of  the  nearest  fixed  star. 

The  next  telescopic  peculiarity  which  we  must  notice,  is, 
that  the  fixed  stars  have  no  commensurable  magnitude.  This 
is  the  more  remarkable,  as  they  differ  from  each  other  so  much 
in  brilliancy;  but  when  examined  with  a  telescope,  however 
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t  great  the  magnifying  power,  the  must  sparkling  appear  only 

f  to  be  lucid  points,  intensely  bright,  indeed,  but  indivisible. 

.Their  twinkling  is  occasioned  by  the  motiou  of  particles  in 
our  atmosphere,  intercepting  their  light;  and  their  sensible 

.'  magnitude  to  the  naked  eye  arises  from  adventitious  rays,  cut 

,  off  by  the  telescope. 

From  the  two  circumstances  which  have  been  just  mention- 
ed, to  wit,  the  indeBnite  distances  and  magnitudes  of  the  fixed 
stars,  we  may  justly  infer,  that  they  ahine  by  native  light, 

,  otherwise  they  would  be  invisible  to  the  naked  eye  :  for  the 
Batelliles  of  Jupiter  and  Saturn,  though  we  can  measure  their 
distances,  Dnd  they  also  appear  of  a  very  distinguishable  mag- 
nitude through  a  telescope,  reflect  too  little  light  to  be  visible 
without  that  instrument.  We  may  calculate  the  distance  at 
which  200  millions  of  miles  would  appear  to  our  sight  as  a 
point  J  and  supposing  we  assume  that  distance  to  be  the  dis- 
tance of  the  nearest  fixed  star,  we  shall  be  satisfied,  that  our 
■UD,  if  equally  far  off,  would  only  appear  like  a  star.  Are  we 
Dot  then  compelled  to  draw  the  conclusions,  that  every  fixed 
star  is  itself  a  sun ;  that  each  of  them  is  the  centre  of  a  system 
of  planetary  worlds;  that  it  directs  their  motions,  and  supplies 
them  with  light  and  heat,  in  the  same  manner  that  the  sun 
governs  the  several  bodies  of  which  our  solar  system  is  com- 
posed ;  that  these  planets  of  other  systems,  are  furnished  like 
ours  with  satallitee,  though  these  as  well  as  their  primaries  are 
altogether  invisible  to  us;  and  finally,  that  the  fixed  stars  are, 
generally  speaking,  as  distant  from  each  other  as  the  nearest 
of  them  is  from  the  earth. 

The  difference  of  the  apparent  magnitudes  of  the  fixed  stars 
s  very  great;  yet  it  is  found  to  answer  sufficiently  well  the 
purposes  of  description  and  discrimination,  to  distinguish  them 
into  six  orders,  calling  the  largest  of  them  ttara  of  the  Jim 
magiiilude :  the  next,  stan  of  the  second  magnitude,  and  so  on. 
The  stars  of  the  sixth  magnitude  are  those  which  can  barely 
be  distinguished  by  the  naked  eye.  Those  which  can  only 
be  seen  by  the  help  of  the  telescope,  are  usually  called  tele 
Kopic  stars. 

A  better  method  than  the  above  of  distinguishing  the  bright- 
ness and  magnitude  of  the  stars,  is  that  adopted  by  Dr.  Her- 
tchel,  in  his  catalogues  of  the  comparative  brightness  of  the 
fixed  stars.  It  consists  in  referring  a  given  star  to  two  other 
stars,  one  of  which  is  somewhat  brighter,  and  the  other  rather 
less  bright,  than  the  one  to  he  designated.  "I  place,"  says 
he,  "each  star,  instead  of  giving  its  magnitude,  into  a  short 
series,  constructed  upon  the  order  of  brightness  of  the  nearest 
proper  stars.     For  instance,  to  express  the  lustre  of  D,  I  say 
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own  light,  and  surronnded  by  planetary  worlds  like  those  of 
the  solar  system. 

19.  The  tides  are  an  effect  of  the  attraction  of  the  son  and 
moon  upon  the  oc^an.  When  these  luminaries  act  together, 
or  in  the  satne  line,  they  occasion  sprine  tides ;  when  they 
counteract  each  other's  attraction,  neap  tiaes  take  place. 

20.  Eclipses  of  the  moon  are  owing  to  the  shadow  of  the 
earth  falling  upon  the  moon. 

21.  Eclipses  of  the  sun  occur,  when  the  moon,  coming  be* 
tween  the  earth  and  sun,  throws  a  shadow  on  the  earth. 

22.  Motion  is  the  measure  of  time,  and  the  motions  of  the 
heavenly  bodies  are  the  basis  by  which  all  other  motions  are 
measured. 

23.  The  day  is  a  natural  division  of  time,  that  is,  it  com- 
prises apportion  of  time  measured  out  by  the  completion  of 
certainjphenomena,  successive  according  to  regular  laws. 

24.  Tne  periodical  and  synodical  lunar  months  are  also  na- 
tural divisions  of  time,  but  ho  other ;  the  year,  and  lunar  and 
solaj^  cycles,  are  of  the  same  character  as  the  lunar  months ; 
the  cycle  of  indiction,  and  the  olympiad,  are  examples  of  the 
artificial  division  of  time. 
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Constellations' of  the  Zodiac 


No.  Principal  SUri  and 

Confteltatiooi.                            of  Stars.  their  MagmtuclM. 

Aries   TheRam 66 

Taurus The  Bull 140  AldeMran  .  • . . . .  y  .1 

Gemini The  Twins  ......   85  Caster  and  Pollux^l  .2 

Cancer TheCrab 83  ' 

Leo TheLion.... ....  95    Regulus ,    1 

Virgo , . .  .*  The  Virgin  ......  1 10  Spica  Virginis  : . . .    .1 

Libra The  Scales 51  Zubenisch  M ali   ..2 

Scorpio •••••!*  The  Scorpion  .....  44    Anta^es .1 

Sagittarius  .•.*..•...  The  Archer 69 

Capricomus  .......  The  Goat 51  ' 

Aquarius The  Water-carrier  108    Scheat. 1 

Pisces TheFishes  ......112 


Constellations  on  the  North  Side  of  the  Zodiac. 


No.  Principal  Stan  ana 

^  ConatellatioDs.  of  Start.  their  Magnitadea. 

XJrsa  Minor The  Little  Bear  ...  24  S(elU  Poldris ....  2 

Ursa  Major The  Great  Bear ...  87   DulAie •••  1 

Cassiopeia Lady  in  her  Chair  ••  55       ^ 

Perseus. .••4:*..*1»*  Perseus ^...^  59  Algenib •'  2 

Auri^ The  Waggoner.  •  • .  56  Capella  •  • « • . .  •  •  1 

BoS^s •••«•«•  The  Bear  Driver  •  •  54  Arclurus 1 

Draco The  Dragon • -60  Rastaber i 

Cepheus  ..y ...  .•••    .•., 35  Alderamin  . •  •  •  •  •  S 

'"^£'±£^::  The  Greyhound.  .,  25 

Corona  Carol! CharWCrown. •  •  •  •  3 

Triangulum The  Triangle  ••••-•  16 

Tilangulum  Minus ..  •  The  Lesser  Triangle  6 

Musca kJ  TheBee, -6 

Lynx........*^.*«.«.;  •••«..•.».••. ^.•••«  44 

Leo  Minor  .......•••A.*  TheLitdeLion.*^*  24 

Coma  Berenicis Berenice's  Hair .  *  • »  40 

Camelopardalus The  Camelopard  •  •  d8 

Mons  Menela«i.,« •  /.'  ;.<«.  .^  ....;;••.•  1  II 

Corona  Borealis Northern  .Crown  • »  21 

Serpens  .••• «  The  Serpent »  » •  .^  #.»•  -50 

jBcutum  Sobieski  •  •  •  •  Sobietm  8hiei4.4,    4' 
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the  nearest  fixed  stars  to  be  as  far  distant  from  each  other  as 
from  the  sun,  be  ooneludes  that  there  can,  strictly  speaking,  be 
only  13  stars  of  the  first  magnitude.  Heqce  at  twice  that  dis- 
tance from  the  sun  there  may  be  placed  four  times  as  many,  and 
so  oa ;  md  tibia  mode  of  calculation  gives  us  pretty  nearly  the 
tumberxif  fltaffl  of  the  first,  seconds  third,  8cc..  magnitudes. 

It  is  a  fact  no  less  singular  than  well  asciejtamed»  that  stare 
which  were  observed  by  the  ancients  mxB  now  no  longer  to  be 
seen,  and  new  ones  have  appeared  in  different  places,  whick 
were  unknown  to  the  "ancients,  and  some  of  these  have  also  dis* 
Appeared-  and  ag&m  become  vrsible.  Hipparehus,  the  ancient 
astronotner;  having  observed  the  disappearance  of  a  star,  was 
Induced  to  make  a  catalb^^e  of  the  nxed  ^ars,  that  posteritj 
might  judge  whether  any  other  change  took  place  among 
them.  Many  ages  afterwards,  a  hew  star  having  been  observed 
by  Tycho  BrSihe  and  his  contemporaries,  Chis  astronomer  also 
determined  to  make  a  catalogue  with  thei  same  view  as  Hip- 
paicluis.  Of  the  new  star  seen  by  Brabe,  and  on  the  subjed 
of  changes  among  tbe  star$  in  general,  we  have  the  following 
interesting  account  by  Dx  Halley  :  ^Tbe  first  oew  star  in  the 
Chair  of  Cassiopeia  *.vh&  not  seen  by  Cort\filius  Gemma  on  the 
8th  of  November  1572,  who  says,  he  that  night  considered 
that  part  of  the  heaven  in  a  very  serene  sky,  and  saw  it  not; 
but  that  the  next  night,  November  9,  it  appeared,  with  a  splen- 
dour surpassing  all  th^  fixed  stars,  and  scarcely  less  bright 
than  Venus.  This  was  not  seen  by  Tycho  Brahe  before  the 
11th  of  the  same  month  ;  but  from  thence  he  assures  us  that  H 
gradually  decreiased  and  died  away;  so  as  in  March,  1574,  after 
16  months,  to  be  no  longer  visible ;  and  at  this  day  no  signs 
^f  it  remain.  Its  place  in  the  aphere  of  fix^d  stars,  by  the  ac- 
icuraie  observations  of  tihe  same  Tycho,  was  0*  9^  17'  a  l»**qr, 
with  '51^  45'  north  latitude.  Such  another  star  was  seen  and 
observed  ^y  the  scholars  af  Kepler,  to  begin  to  appear  on  Sep- 
-lemberiSO^  St*  Vet.  aniio  1604,  which  was  not  to  be  seen  the 
•duy  beTcore^  bot  ittbroke  out  at  once  with  a  lustre  surffassing 
'ti^txft  Jmpittf'i  .SJid  like  the  former,  it  died  away  gradually, 
'and  in4iHich.  akoAit  the  same  time  disappeared  totally,  there 
r0ipailiiing:'Do  fi>otstras  thereof  in  January,  1605-6.  This  was 
D«ar  the  ecliptic,  following  the  right  leg  of  Serpentarius ;  and 
-by  tlie  obeemiationa  of  Kepler  and  others,  was  in  7*  28*^  0'  a 
l»**<r,'with  north  latitude  1^  66'.  These  two  seen\  to  be  of 
a  distinct  species  from  the  rest,  and  nothing  like  them  has 
appeared  since.  But  between  them,  viz.  in  the  year  1596,  we 
have  the  first  acx^ount  of  the  wonderful  star  in  CoUo  Ceti,  seen 
by  David  Fabricius  on  the  14th  of  August,  a$  bright  as  a  j^tar 
x>(<ih^ithird  magnitude,  which  heis  beeii  siuc^  .(<>Mnd  to  ap|^e'<%r 
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and  disappear  periodically ;  its  period  beiog  precisely  enough 
seven  revolutioas  in  six  years,  Uiough  it  returns  not  alivayta 
wiLli  tile  same  lustre.     Nor  is  it  ever  totally  extinguislied,  but 
may  at  all  timss  be  seen  witli  a  six  feet  tube,  [telescope.]    This 
was  singula!  in  its  kind,  till  that  id  Collo  Cigni  was  discover' 
ed.     It  precedes  the  first  star  of  Aries  l"*  40',  with   16"  67' 
eonlh  latitude.     Anotlier  new   star  was  first   discovered  by 
William  JansonioB,  iji  the  year  1600,  in  Pecture,  or  rather  in 
Eductione  Colli  Cygni,  whrcli  exceeded  not  th«  third  magnij- 
tude.    This  having  continued  some  years,  became  at  length  es 
small,  as  to  be  thought  by  some  to  have  disappeared  entirely! 
but  in  the  years   1(167,  1058,  and  IG^,  it  again  arose  to  tiis 
third  m&gnitndci  though  soon  after  it  decayed  by  degrees. to 
the  Afth  or  sixtb  magnitude,  and  at  this  day  is  to  be  been  as 
such  in  9'  18"  38'  a  1"«"t,  with  55'='  29;  north  latitude.     A 
fifth  new  slitr  was  first  seen  by  He?tlio8  io  the  year  1670,  on 
July  15,  St.  Vet.  as  a  star  of  the  tliird  magnitude ;  but  by  tho 
beginning  of  October  was  scarcely  to  be  perceived  by  thd 
naked  eye.     In  April  following,  it  was  again  as  bright  ai 
before,   or  rather  greater  than  of  the  third  magnitude,  y#l 
wholly  disappeared  about  the  middle  of  August.     The  nexfe 
year,,  in  March  1072,  it  was  seen  again,  but  not  exceeding 
the  sixth  magnitude  :  since  when,  it  has  been  no  further  visM 
ble,  though  we  have  frec)uently  sought  for  its  return ;  its  placet 
is  9'  3"  17'  a  Ira-^T.  and  has  lat.  norrh  47^  28'.     The  sixth 
and  lufit  is  that  discovered  by  G.  Kirch  in  the  year  1686,  anA 
its  period  determined  to  be  of  404J  days,  and  though  it  rareljp  I 
exceeds  tlie  6lh  magnitude,  yet  it  is  very  regular  in  its  re-^ 
tuiHs,  as  we  found  in  the  yrar  1714.     Since  then  we  hav«  . 
watched,  as  the  absence  of  tlie  moon  and  the  clearness  of  tfao  ' 
weather  would  peiniit,  the  first  beginning  of  its  appearance  iit  j 
9  six-feet  lube,  that,  bearing  a  very  great  aperture,  discover*  ] 
most  minute  stars.     And  on  June  I5tii  last,  it  was  first  perd   1 
ceived  like  one  of  the  first  lelejcopical  stars;  but -in  the  re«U   | 
of  that  moLiih  and  July,  it  gradually  increased,  so  as  to  be« 
come  in  August  visible  to  the  naked  eye,  and  so  continued 
till  the  monlli  of  September.    After  that  it  again  died  away  bjj   | 
degrees;  and  on  the  8tii  of  December,  at  nighl,  was  scarceis    i 
discernible  by  the  tube;   and  as  near  as  conld  be  guesiSeo^  I 
equal  to  what  it  was  at  its  first  appearance  on  June  16.  an  ! 
that  this  year  it  has  been  seen  in  ull  nearly  six  months,  whidf  1 
is  but  little  less  than  half  its   period  ;  and   the  middle,  aD<b   [ 
consequently  the  greatest  brightnesB,  falls  about  the  lOdi  dt 
September." 

In  the  70th  volume  of  the  PhiloHophicul  Transaclihns,  ■< 
paper,  L^  Ed^witrd  Pigot,  gives  It  diiuertatioQ  on  the  ataxs  &■»<- 
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pected  by  the  at^onomere  of  the  last  century  to  be  changeable. 
The  author  diridet  them  into  two  classes;  one  containing  those 
which  are  undoubtedly  changeable,  and  the  other  those  which 
are  only  suspected  to  be  so.  The  first  class  contains  a  list  of 
12  stars  from  the  first  to  the  fourth  magnitiide«  includii^  the 
new  one  which  appeared  in  Cassiopeia,  in  1572,  and  that  in 
Serpentarius  in  1604 :  the  second  contains  the  names  of  30 
stars  of  different  magnitudes,  from  the  first  to  the  seventh. 
He  is  of  opinion,  that  the  celebrated  new  star  in  Cassiopeia  is 
a  periodical  one,  and  that  it  returns  once  in  ISO- years.  Keill 
is  of  the  same  opinion ;  and  Pigot  thinks  that  its  not  being 
observed  at  the  expiration  of  each  period,  is  no  argument 
agatnst  the  truth  of  that  opinion,  remarking,  that,  ''like  most 
of  the  variables,  it  may  at  different  periods  have  different 
degrees  of  lustre,  so  as  sometimes  only  to  increase  to  the 
ninth  magnitude;  and  if  this  should  be  the  case,  its  period  is 
robably  much  shorter."  For  this  reason,  in  September,  1782, 
e  took  a  plan  of  the  small  stars  near  the  place  where  it  for- 
Bieriy  appeared,  but  in  four  years  had  observed  no  alteration. 
He  also  examined  the  star  in  the  Heck  of  the  Whale,  from  the 
end  of  1782,  to  1786,  but  he  never  found  it  exceed  the  sixth 
magnitude,  though  it  had  been  observed  by  others  at  difierent 
times  to  be  of  the  third  magnitude.  He  deduced  its  period, 
from  its  apparent  equality  with  a  smaller  star  in  the  neigh- 
bourhood, and  thence  found  it  to  be  320,  328,  and  337  days. 
Another  changeable  star,  and  one  of  the  most  remarkable  of 
the  class,  is  that  called  Algol,  in  the  head  of  Medusa ;  it  had 
long  been  known  to  be  variable,  but  its  period  was  first  asr 
certained  by  Goodricke,  of  York,  who  began  to  observe  it  in 
the  beginning  of  1783.  It  seems  to  have  a  period  of  about 
2  days,  21  hours,  during  which  it  varies  gradually  from  the 
^ize  of  the  second  to  that  of  the  fourth  magnitude  in  about  3| 
hours; rafter  which  time  it  gradually  recovers  its  greatest 
lustre,  which  it  preserves  to  the  end  of  its  period,  and  then 
again  begins  to  aiminish. 

These  changes  among  the  fixed  stars  have  given  rise  to  a 
great  variety  of  hypotheses  to  account  for  them.  The  sug- 
gestion of  Sir  Issac  Newton,  that  the  transitory  blaze  of  some 
of  them,  might  be  owing  to  the  addition  of  fuel  they  have  re- 
ceived from  the  influx  of  a  comet,  has  already  been  noticed. 
Maupertuis  thought  some  stars,  by  their  prodigiously  quick 
rotations  on  their  axis,  may  not  only  assume  the  figures  of 
oblate  spheroids,  but  that,  from  the  great  centrifugal  force 
arising  from  such  rotations,  they  may  become  of  the  figures 
of  mill-stones  ;  or  be  reduced  to  flat  cifbular  planes,  so  thin 
as  to  be  quite  invisible  when  their  edges  are  turned  towards- 


